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" The purpese ~f this paper 1c {¢ enhance the computer literacy of middle-levei
) military ieaders by providing an elective for Air Command and Staff College (AC3C)
- students Dramatic growth in the numbers of military computers, particularly
microcomputers, has led to tremendous capabilities being present at the fingertips
of nearly every military member. A perception has arisen, as the paper shows,
'l - that the uses of microcomputers have not kept pace with their proliferation.
:. Hence, the elective course proposed in this paper, Computer-aAided Decision Making,
,: serves as a step toward greater computer awareness and literacy among middle~
2‘. . level cffizers Arming such officers with this knowledge should impact operational
W units 1n the future since many of these officers will be the commanders and
policymakers of the military for years to come.
, j The course will teach the blending of decision making techniques with the use
L of integrated software which the Air Force and ACSC already possess. The
:u, 2mphasis will be on the roie microcomputers can play in assisting a decision
‘o maker  The computer 15 not intended to replace common sense, intuition, or
2xperiance, tut to enhance these element: of decisicn making.
s
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Vietnam. He left the Army in 1970 and earned a Bachelor of Arts degree in

> Journalism from the University of Texas at El Paso in 1975. After commissioning
-:Z through Officer Training School in 1975, he attended Undergraduate Navigator
t ;5 Training at Mather AFB, California, and the KC-135 Combat Crew Training School,

- Castle AFB, California, completing his training in 1976. Major Dutilly's first
operational assignment was with the 908th Air Refueling Squadron, Kincheloe AFB,
Michigan, as a KC-135 navigator. When Kincheloe AFB closed in 1977, he joined the

Yy 924th Air Refueling Squadron, Castle AFB, California, as a KC-135 nawvigator,
A :-;_ instructor navigator, and standardization/evaluation navigator until 1962. He then
; d‘: instructed at the KC-135 Combat Crew Training School, Castle AFB, California, for
AN 18 months. In 1983, he moved to Mather AFB, California, as an instructor at
a4

"} Undergraduate Navigator Training assigned to the 452d Flying Training Squadron
N After one year, he joined the Instructor Training Branch, 323d Flying Training
Pl Wing, as a Program Manager and later as Branch Chief. During this tour, Major
2 Dutilly was an integral part of the Undergraduate Navigator Training transition to
:-_:’.: Specialized Undergraduate Navigator Training in 1986-87. Also during this
s assignment, he completed a Master of Business Administration at National
o University, Sacramento, California. Major Dutilly is married to the former Regina
e M. Check of Auburn, New York, and they have two sons, Michael and Joseph. His
55 awards include the Bronze Star with one oak leaf cluster, the Meritorious Service
.:;:. Medal, the Air Force Commendation Medal with one oak leaf cluster, the Army
';.:-j Commendation Medal, the Army Outstanding Unit Award, and the Parachutist's
R Badge A previously published author, Major Dutilly's article, "How to Save a
. Rendezvous," appeared in The Navigator magazine in 1983.
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:.::? Chapter One
;-: INSTRUCTIONAL SYSTEMS DEVELOPMENT
X INTRODUCTION
That the world we live 1n has tightly embraced computer technology is as
,, .':f. obvious as the air we breathe Everywhere one looks, the omnipresence of the
sg computer can be seen The range of the computer's influence runs from LCD
,‘;e watches to the control of traffic signals to the electronic tentacles of the largest
‘J_ multinational corporation
X Perhaps even more dramatic has been the spectacular growth in the use of
--.f, microcomputers tn recent computer history. Through 1985, more than 18 million
..‘.: desktop computers were sold by the top ten manufacturers. (4:119) In 1986, the
:ﬁ top ten computer firms sold an additional three million. (5 200) Similarly, the Air
M Force, long a leader in adopting technology, has hardly lagged in the explosion of
microcomputer use For example, the Zenith Electronics Corporation sold the Air
:‘{ Force more than $400 million worth of stand-alone microcomputers between 1982
o and 198¢ (27 2) The Air Porce Small Computer Center at Gunter AFS, Alabama,
M predicts that 150,000 more microcomputers, with integrated software, will be
04 aided ®: the A:r Fcrece inventory over the five-year span, 1987-1991 (22:1) The
! same office recently announced that the Air Force is planning to award a contract
tor the Deskiop 111° computer, a follow-on system for the current Zenith Z-248
' microcomputer (1 1)
Y
:: in .ught of the proliferation of microcomputers throughout the Air Force, the
Air Command and Staft College Education Technology Division (ACSC/EDT) percetves
.‘ a problem ACSC/EDT believes that mid-level and senior military leaders are not
G exploiting the capabilities of powerful microcomputers which are iiterally at their
,.;:: . swn and their subordinates’ fingertips The main causes are that training,
W softwa - ¢. and 1deas for use have lagged behind the recent massive influx of
';;;. desklop -omputers to nearly every office and workplace. Eventually Air Porce
‘,-:i’ . personnel will be utihaing their microcomputers more efficiently and for more and
L. mnre purposes In the meantime, ACSC/EDT perceives a need to help ACSC
3 students, ail mid-level leaders, imnprove their computer literacy and efficiency by
'\.: using the computer as an aid in decision making, 1 ¢, not to make the decision,
19008 but to assist the user in making a decision The plan is to take the student beyond
I the lesel of *he simpler uses they may be accustomed to and introduce them to
>t comnpter-aided dec1sion making via an ACSC elective
‘:;g
¥
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v as indicated above. that it 1s very difficult to sift through the information, analyze
I it, and arrive at a best solution Hence, the assistance of a computer, and the
g knowledge to use one, is quite helpful

Second, a study of ACSC students found that most of them are comfortable
with the word processing capabilities of a computer but do not take advantage of
the more powerful capabilities of modern desktop computers. A survey of 3%

. ACSC students conducted by Major Thomas James, ACSC Class AY87, discovered
several things FPirst, 76 percent of the students owned personal computers, and 97

. percent of them used the machines primarlly for word processing. The use of
. graphics and spreadsheets followed at 38 and 33 percent, respectively Second,
N over 90 percent of the students reported that they managed or supervised

personnel who used microcomputers. Third, 85 percent of the officers actually
used desktop computers on the job as follows: 89 percent of these officers
performed word processing, 48 percent of them did database management, 31
percent utilized graphics applications, 30 percent used spreadsheets, and 24 percent

- employed an office-specific application (27 14) James' findings are reflected in the
business world where * . word processing is the Number 1 applica‘ion of personal
. computers among Fortune 1000 firms with 91 percent of microcomputers being put

to such use - (2 73) Secondary uses are spreadsheets and data bases. (2:74)

What this means i1s that most ACSC students have only begun to scratch the
surtace of the latent power of the computer because the computer can obviously be
used to do many other things besides word processing For example, another of
the remarkable features of a stand-alone computer 1s the potential for “what 1"
questions  Newman Walker, a successful school superintendent for 28 years,
spoke of a computer's power when he said, “It is also useful to anticipate or
predict changes In the data Pondering ‘what if' situations enabled me to answer
anantic;pated questions ~ (8 470) Further, one can infer that the following
Juote from Peraonal Computing magezine would make sense to some of the above
ACSC students ~“Although no one's decision will be based on a chart alone, a graph
:an certainly aid you in explaining complex relationships and provide an effective
pase trem which te argue And today's personal computer programs provide a
{ast. inoApernsiie wav to create those charts = (6 97) Concluding, what this points

s tha* *~hile many ACSC students are computer iiterate, their comfort zone lies
n *he carrd prxcessing genre rather than in the more powerful capabilities
mecdern disncop computers Mfer

he e s 08 8

o s s s LK

A tnairt roason for this course 1s the current ACSC philosophy Three of the
{ < hncl stated ame are  Tt) proviide an environment for personal and professional
irowtn. 'c enhance kRnowledge and understanding of the Air Force's mission and
' -apati.ties. .and! *~ enhance professicnal skil's required to command, manage and
3 ead aercepate ferzes (17 1) The teaching of computer skills meets all three
, feals  Tieariv, umproviag an officer 's decision making skills enhances personal and
) frotessional ar~weh o This obesiously carries over into enhancement of command
hilities  Tince cernputers are so widespread in the Air Force, and as James has
shiatn. o0 many ACTC officers have managed petsonnel who use comgputers, any
' imprcovrement In Crmputer ronowledge and understanding serves the Air Force well
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»
':- Finally, ACSC already conducts two computer elective courses. The course being
t discussed here is a natural follow-on since it can build on the students' knowledge
B foundation by taking further steps into the computer experience. (18:21A-B)
jr Fourth, other defense agencies conduct courses in DSS. Obviously they have
W seen a need for this education and training for military officers and defense
b officials. National Defense University (NDU) offers four elective courses addressing
. computer-assisted decision making (23:105-107) Also, the Defense Systems
"y Management College (DSMC) has developed “. .. management modules which can be
‘} used as decision aids in the classroom at the College and can be deployed in
Rpe program management offices throughout the services.” (16:17) Supporting these
b needs 1s a survey conducted at NDU for 218 students at the National War College,
! Industrial College of the Armed Forces, and International Fellows attending NDU.
It revealed that more than 74 percent of these senior officers and defense officials
O feel that computer knowledge 1s important to managers. They (54 percent)
e further indicate that computer training should be included in the core curriculum
‘e of NDU courses. (24 3) DSMC portrays the problem thusly:
~ Although management information systems can provide the program
manager with some of the information needed in the decision-making
_:f process, such systems predominately supply only historical data and
;’. current project status, usually with abundance--and many times an
e overabundance--of unprocessed information. A need exists, therefore, to
o enhance the program manager's decision-making process by examining
p future courses of action, assisting the “What if...?" and "Should I...?"
- questions, and distilling the avaijlable data into meaningful alternatives.
-\‘ (25 1-2)
“»
\ In a related statement, Major General Clifton D. Wright, Jr., former Director
-~ of Engineering and Services, HQ USAF/LEE, opined, "It 1s likely that significant
' organizational changes will result from the use of DSS as well as from building
& them Individual managers and decision makers who are abie to use DSS
e effectively are likely to show better job performance than those who cannot use
:- DSS." (23:54) Certainly these are graphic statements of the need for DSS.
'
2- Fifth, is there a need for improved decision making? Logically, it follows that
each officer could probably benefit from improving his problem definition,
Ny information gathering and handling, analysis, and speed of processing skills. As
i the environment in which we operates gets more complicated, any improvement in
Yt quality and speed of decisions is useful and vital. Now, let's see where this leaves
y us
n"‘
After examining the current Air Force computer environment, the data deluge
K A phenomenon, the ACSC student body and other DOD students, we also looked at the
“ current ACSC educattonal phtlosophy and other DOD agencies who conduct similar
:: training There 18 no doubt that ACSC students can glean significant benetits from
o an 2lective course 1n computer-aided decision making, or DSS, for use in their
¢
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(A

"- future assignments in mid-~ and high-level leadership positions. Therefore, the

3 ACSC/EDT perceived need for a DSS elective is justified.

t

R
-

X 1SD CONCEPT
".:a-'

R Following is the Instructional Systems Development (ISD) discussion and
B . validation of the elective. Each of the five steps, as outlined in AFM 650-2,
¥ Instructional Systems Development, and AFP 50-58, Handbook for Designers of
:;: lnstructional Svstems, will be explained and supported. The five ISD steps are:

AS
:::: 1 Analyze system requirements.
AR 2 Define education and training requirements.
3 Develop objectives and tests.
'’ 4 Plan, develop, and validate instruction.

s‘; S Condu~t and evaluate instruction. (19:5-7) (21:Table 1-1)

)

s“

X4

ANALYZE SYSTEM REQUIREMENTS (STEP 1)

N

s The ISD process begins with analyzing the requirements of the educational or
$s: training system (19-10) In other words, do we need the system, and if so, what
:~: % the students need to know to meet the objectives? This first step and Step 2,

oo Cefine Education and Training Requirements, comprise the Needs Assessment.

v Clearly a requirement for the course has been justified. Now let us
i determine what the students need to know about a DSS in order to use it. First
:j‘.' some definitions Samuel Bodily offers two forms
L5
"' t!] Think ot the compiete DSS as a high-level language that aliows for

naturai English-like expression of the {decision making] model; that is,

;f abie !5 access corporate and vendor data bases, that has easy-to-use

XN grephics for displaying the resuits. and that contains powerful

N~ computational features such as “"what if,” sensitivity analysis, goal

N sevk:ng. extrapolation. risk analysis, and optimization [2] In its crudest

y tormm. the DSS may consist of a spreadsheet planning system such as

8- Vic.lawe ‘or one of its many cousins)  (104)

‘
o~ Trerelore. wha! can be taught in an ACSC elective must lie between these two

:?, etreme: but luser %G the latter since only 16 hours of training spread over eight
" weeks i3 scanable Because of the time limit. we have chosen the following
. Jefatiate A microcomputer based decision support system can be designed

3 eing 3 touenber of software peckages which could aliow decision makers to
et {Loargee ate toth qualitat,ve and quantitative elements in their analyses.” (26.1)

0 Twe critce i teach ACSC students. ‘7ia an ntegrated software package and
~ st rmadei. how '3 anaivze ard interpret data to make a more objective and
e inteinen? de :on

{
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Using these definitions and concepts, it can be seen that, in order to learn to
use a DSS, the essential skills required are the use of an integrated microcomputer
software package, a decision model, and the ability to connect them together. Now
to be more specific.

w t W

Basic computer keyboard skills.

Use word processor.

Use spreadsheet.

Use data graphing.

Use data base.

Use integrated software package (SMART).

Basic math/algebra skills.

Basic logic skills.

Problem solving skills.

0. General knowledge of decision making theory, decision meodels, and
DSS concepts.

11. Working knowledge of the decision model selected for the course.

12. Ability to use selected decision model integrated with SMART software

to solve hypothetical problems and produce a printed integrated

report.

- 0O 0 O BN e

The description of an integrated software package such as SMART quickly
demonstrates the need for skills 1-6 above. The SMART system is primarily an
integrated spreadsheet with graphing, word processing, and data base capabilities.
(15:Preface-1) Also, recall that an integrated package is a major component of
Bodily's simpler form of a DSS. Skills 7-9 fall into the category of the ability of a
student to think through and solve a problem conceptually and reflect the
". .. knowledge, skill, ability, intuition, judgement, and experiential bases of the
decision makers involved." (26:1) Skills 10 and 11 fit the DSS definition above and
provide the essential bridge between the data and the solution, i.e., the decision
model. Finally, Skill 12 is the ultimate goal of the course, being able to solve a
problem and communicate its outcome through the use of an integrated software
package and knowledge of decision models and theories. After delineating the skills
the students need to have at the end of the learning experience, we can now move
on to the second part of the Needs Assessment.

However, before continuing with the ISD process, a short discussion on the
software selection for this course follows. The SMART system is an integrated
software product containing today's most-needed business applications. This
package fulfills our need for an integrated and cost effective system. Specifically,
SMART offers an attractive bundle of modules that are easy to learn. Also,
sufficient copies are currently in the ACSC inventory, and SMART is already taught
in another ACSC elective. (18 21B)

The SMART system consists of three primary application modules
(spreadsheet, word processor, and data base manager), two additional modules
{communications and time management), and the functions necessary to combine

6
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) ’~
1 ..;,
) ,'f-: these parts into an integrated whole. In addition, SMART provides user-friendly
e menus that are common throughout the system. Once the common features have
: been learned in one module, they can be used in all other modules. Furthermore,
N this system provides the ability for operators to learn and do a wvariety of
:‘ P, functions easily, so they can quickly increase their productivity. (14:1-16)
~3: (15:Preface 1-2)
o
WY Besides being easy to learn, the existence of sufficient copies of SMART in the
“. .’ - ACSC software library makes the purchase of another system unnecessary. With
S0 the average cost at $400 per copy for a new program, a sighificant savings 1s

realized by using the existing SMART packages.

Finally, the existing ACSC elective, "Introduction to SMART," provides excellent
preliminary training for this course. If students attend the first elective, they
will have no trouble transitioning to this course. Howewver, since the SMART

:‘_ﬁ: modules are easy to master, as discussed above, the "Introduction to SMART"
:J} elective is not a hard and fast prerequisite.
¥ ,_‘.
:::' Hence, the SMART system 1s a sophisticated integrated software program that
‘ 13 easy to learn and use, already in the ACSC inventory, and previous instruction
Y already exists in the elective curriculum. Therefore, SMART is the chosen system
._-':. to support the Computer-Aided Decision Making elective. We now continue with
o the [SD process
.'::
l.
‘ FIN o~ .
*3 Thie agzond atep of the 1SD process consists of the following parts:
: ! What do the students aiready know?
sl 2 What do they need to be taught? This is the difference between the
‘__) iearning nezds of Step 1 and what they already know.

oS 3 What can and should be taught given the existing constraints? (time,
_.,2 zquipment, costs, resources, etc.). (19:Ch 3)

~
.."-‘." Zince the lé-hour time limit 16 a major constraint, it becomes a driving force
g in course development It quickly becomes obvious that DSS experts cannot emerge
10y trom this wourse  This mitation also restricts what the entry level knowledge of
’:::'l . the students must be (1 e what they know: in order for any meaningful DSS
w:::" earning to take place  Sice the James surwvey indicates a high level of computer
'.jn"' hteracyw ewists in the ACSC population and two computer electirres are offered
) 00 . urrentiv. there are prorkably enough students who wili meet prerequisite
= ompatir sriliss Dtudents who have completed the “Introduction t¢ IMARTS
oI Mectrw ave of craree, ehglihle Those who are comfortable with another
f:::'\ mtegrarii slttware pacrage ere eintkle if the instructor determines, via

ntertmens, st the students knowledge 1= adequate to transition easzilv ' SMART

s
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R What do the students already know?
0, By limiting the enrollment to students conversant in an integrated software
jmj package, the students will already have the first six requirements of basic
:1;;' computer Kkeyboard skills and competence in the use of word processing,
1 spreadsheet, data graphing, data base, and SMART or another integrated software
ks package. However, some review of SMART will be necessary for those who took
‘.,.‘" the SMART elective several weeks before and for those who hawve used another
:, ! software package. But what else do the students already know?
)
:E;,_: Certainly ACSC students, all of whom have college degrees and more than 75
e percent of them have graduate degrees, are well educated. (29:--) It also is
' reasonable to assume that this level of education has given them at least basic
o skills in math/algebra, logic, and problem solving. Additionally, their 11 to 14
2‘.:;:. years of commissioned service have honed these skills.
‘ol
::t"' The next two skills, 10 and 11, are quite complicated and are not expected to

NI be in the comfort zone of most students. In any case, general Kknowledge of
i decision making theory, decision models, DSS concepts, and a working knowledge
of the decision model used in the course must be taught to establish common

! 3',-\. definitions, concepts, and solution sequences. Current decision making textbooks
‘ ;:; spend considerable time on decision theory and models and their relation to
O decision support systems. (10:--) (13:--)
."_
Lastly, the twelfth skill, the ability to solve hypothetical problems by using a

o decision model, integrated with SMART, and to produce printed integrated reports
o involves active student participation in the learning experience. Successful
.r: application of this skill is the overall purpose of this course. So it must be taught.
o What thev need to be taught:

J

“:'0' ‘ Summarizing the above analysis, the asterisked items need to be taught:

)

::.?::'. 1. Basic computer keyboard skills.

o 2. Use word processor.
s 3. Use spreadsheet.

Xy 4. Use data graphing.

;*' 5. Use data base.

:v,‘: * 6. Use integrated software package (SMART).

L 7. Basic math/algebra skills.

B 8. Basic logic skills.
= 9. Problem solving skills.

Wl * 10. General knowledge of decision making theory, decision models, and

»l':;a DSS concepts.

o * 11. Working knowledge of the decision model selected for the course.

) * 12. Ability to use selected decision model integrated with SMART software

Yo to solve hypothetical problems and produce a printed integrated
iy report.

>

o 8

-

DA ,"4 (i
! .

B RO f R IO
S, ‘a“‘x’t‘ k] ‘ ‘i"’kﬁ ‘il ‘l“g'n‘ t‘ l'. t‘ l“ LM ' o Mgt *t' O A et e




g:l(‘
4 \ S )
\'\ Y _:‘1‘:"%""5.\:‘\?‘.' 2 ..‘

Before training requirements are fully established, they are normally
prioritized to determine what really can be taught within the existing constraints
Since these four skills can be taught within the constraints, prioritization is not a
problem in this case. Integrated use of the SMART package is obviously critical to
the conduct of this course and this drives the need for these skills as explained
above. The point on general knowledge of decision making theory, decision models,
and DSS concepts is less critical and could be limited in scope. The remaining
points are critical and should consume the bulk of the educational experience.
Successful completion of the final point, in effect, serves as a measure of each
student's success in achieving the course objectives.

We now have established what needs to be taught based on the difference
between what the students need to know and what they already know.
Additionally, the establishment of criticality puts the proper focus on what can be
taught within the gtven constraints.

This concludes the Needs Assessment (ISD Steps 1 and 2) With the need for
the course justified, and the systems requirements and education and training

requirements delineated, we can proceed to the third step of the ISD process,
Develop Objectives and Tests.

Now that the Needs Assessment is complete and definite educationa) goals have
been determined, we can proceed to the iteration of specific leve! of learning
objectives and tests. The objectives, samples of behavior, and criterion objectives
fully explain what is expected of the student. The method of testing will be
covered below

Oblectives

Each of the four itemns which need to be taught are developed below This
AFM 50-62 provides the general guidance.

also will be the sequence of instruction.

Level of Learning Objective: Know decision making

models, and DSS cancepts

theory, decision

Sample of Behavior Identify decision theories by character:stics

Criterion Objective With instructor provided list, match
decision theories with their characteristics
with minimum instructor ascistance

Sample of Eehavior Identify key elements of decision mode!s

O POy O
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Criterion Objective: With instructor provided lst, match
decision models with their key elements
with minimum instructor assistance.

Sample of Behavior: ldentify key concepts of DSS.

Criterion Objective: With instructor provided list, match DSS
with their key concepts with minimum
instructor assistance.

];Rgﬂ 1 course

Level of Learning Objective: Apply the weighted criteria decision model
to solve a given problem.

Sample of Behavior: Solve a new problem scenario using the
weighted criteria decision model.

Criterion Objective: With given data and minimum instructor
assistance, solve a previously unen-
countered problem using the weighted
criteria decision model.

3. Use integrated software package (SMART).

Level] of Learning Objective: Apply the principles and concepts of SMART
to a given scenario

Sample of Behavior: Enter text, create spreadsheets, create
graphs from spreadsheet and develop an
integrated document.

Criterion Objective: Given instructor provided data and
minimum instructor assistance, create an
integrated document after entering text via
the word processor, creating a spreadsheet,
and creating graphs from spreadsheet.

4 Use of weighted criteria decision model integrated with SMART to solve
problems.

Level of Learning Objective: Solve previously unencountered problems
using the weighted criteria decision model
and the SMART package as a Decision
Support System.

; - - . ,
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Sample of Behavior: Recognize problem elements and apply
solution sequence using weighted criteria
decision model and SMART. Enter text,
create spreadsheet, create graphs from
spreadsheet, and create sections of
integrated document. Assemble and print
an integrated document from previously
created sections.

Criterion Objective: Given a new problem, produce a printed
integrated report of the solution using the
weighted criteria decision model and the
SMART package as a Decision Support
System with minimum instructor
assistance.

Tests.

The test for completion will be the last objective. If the students can produce
a printed integrated report of a correct solution to a previously unencountered
situation, they certainly have satisfied the intent of this course and achieved its
objective.

BLAN, DEVELOP, AND VALIDATE INSTRUCTION (STEP 4)

As one can see from Step 3, we have decided where the students should be at
the end of this course. Now, what might be the best way to achieve the desired
results, that is, the fourth level of learning objective: Solve previously
unencountered problems using the weighted criteria decision model and the SMART
package as a Decision Support System?

Planning and Developing:

Concerns now center around instruction determinants such as lesson
sequence, type of instruction, media selection, desired lewvels of learning, lesson
organization, and constraints.

First, the sequence of instruction fs, of course, an important aspect of
learning because {t provides smooth training without gaps or duplication. It also
foments continued student interest and the desired learning in each lesson,
especially when these skills are needed later in the course and afterward. (19:34)
To illustrate, the students should be taught to walk, then to jog, and finally, to
run. Each step builds on its predecessor. Since the students already know how to
crawl, figuratively speaking, no instruction will be devoted to that activity. Hence
we have an appropriate and smooth sequence with little or no duphcation.
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_.. Secondly, the type of instruction was selected using the guidance in AFM 50-62,
I Handbook for Air Force Instructors, and is tied to the desired level of learning
Y For example, Objective One: Know decision making theory, decision models, and
) :.-: DSS concepts; 13 at the knowledge level so a lecture is appropriate. This insures
.:::- that a large amount of information can be presented during a short training

session. This is further reinforced by assigned reading/handouts. (20:Table 18-1)

4

ioee 2

Third, media needs to be appropriately matched to the type of instruction.
Again using Objective One as an illustration, overhead slides and handouts are
suitable and recommended medium for this lesson's lecture format. (19:Table 5-3)

\f'.\ Fourth, correctly chosen lesson organization patterns facilitate instruction by
RN making it easier for students to learn. “The lesson material will often organize
i itself with one pattern and strategy than with another.” (20:6-3) Common
J-,.s relationships used in lesson plans are time, space, cause-effect, problem-solution,
3 pro-con, topical, and combined patterns. (20:Ch 6). For example, the first
Wl o, topcal, and " | .
B objective, in its discussion of decision theory, will be largely topical, supported by
'.:'\ sufficient definitions and examples.
’_J Fifth, two major constraints, time and computer availability, affect the
. learning outcomes of this course. Since the ACSC elective format allots a mere 16
-ﬁ}'_ hours to the course, only so much material can be covered or absorbed.
-,f.{: Therefore, the developed lesson plans must reflect this important factor. Further,
wad the ACSC computer environment restricts the class size due to the availability of
' only six computers in the ACSC laboratory. If we limit the class to one student
! per machine, learning will be optimized since each student will have his own
o keyboard. On the other hand, if a higher student-to-computer ratio is allowed,
-)‘,_-. less learning might occur for each student, but more of them can be accommeodated
51{' and this will provide a larger base from which to validate the course. We
Ny recommend accepting up to two students per computer, or up to 12 per course. If
) the Alr War College computer laboratory is used in the future, additional students
a8e can be taught. Relatedly, while computers are present in each seminar room,
,_1 they are not currently linked together, and student separation would make
A instructor control impossible. Howewver, computer time logged out of class could be
ol done in the seminar rooms (i.e. working on student projects or practice with the
SMART software).
W Following is the general sequence of instruction which conforms to the order
' of the developed objectives. Also included are the types of instruction and media
| selections to achieve the objectives.
Lt
1.
’Ld
xJ
o
,:: Level of Learning Objective: Know decision making theory, decision
:. \ models, and DSS concepts.
o
N Type of instruction: Lecture, student-instructor interaction.
W
e
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. 4 Media selection: Overhead slides, handouts, reading.
i 3
.::‘
A
’k: Level of Learning Objective: Apply the weighted criteria decision model
N to solve a given problem.
v
".":‘:‘ Type of instruction: Lecture, student-instructor interaction,
3.'::' demo-performance, student practice with
& . problem
.«‘,:,.
ety Media selection: Overhead slides, handouts, reading.
A
3 3. Use integrated software package (SMART).
Call}
:'.: Level of Learning Objective: Apply the principles and concepts of SMART
. 1;: to a given scenario.
14
1Y Type of instruction: Lecture, student-instructor interaction,
p j,s: demo-performance, student practice with
T computer.
N
N Media selection: Overhead slides with computer screen
- interface, computers, handouts, reading.
)'\
s problems.
A
N’,’\
' " Level of Learning Objective: Solve previously unencountered problems
) using the weighted criteria decision model
.c'.' and the SMART package as a Decision
‘" . Support System.
gl
o
:,: Type of instruction: Lecture (review), student-instructor inter-
U action, self-paced student performance, i.e.,
w produce report.
«l“ .
‘::::‘s Media selection Overhead slides (review), computers.
", (3
R
R . Validating
',... Having planned and developed the lessons, it is now time to try out the course
:.‘:: and examine its effectiveness in the learning environment.
H'o"
5 While the preferred method of wvalidation would be with control groups using

gy pre- and post-instruction test procedures, we suggest the following methods:
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_;{: i Teach the elective Auring Mix Three of ACSC Class AY &~ (Jpriny 19¢8)

v 2 Cinaust the elective using new ACSC Fa.urty Instructore as stadent:
‘..‘;. during June-July 1988.

\

:: First. reaciung the class to the cur:ent ACIC class provide: validation as soon
J‘: as peoesible ALzl required adjustments can easily be accemplished hetaeen Mav
5-:‘ 1939, when the elective ends. and Ortober 1988. when it would be needad 1or AC3S
l"\' Class AYSY  Further, the AC3C elective format allow: srudent: a wide seleztion of
z-n- ilasses Fresumably, they will choese a course in which they have considerable
5. . mterest and are probably wuling 1o put ap with the minor writants as:ocated
N with the first ime a ceurse & tauzht Add:itionally, this walidation group o
\7‘. 2tudents are real ACSC studente, the intended targets of this ccurse.

NaX)
Jecond, cinduct the class using new ACSC Facuity Instructors as students

o durning June-Juiv 1988. These "students  would closely approximate ACST students
.-::.f since they would have just completed ACSC themselves. It i1s important to -enduct
_‘:}: the course 1n the same manner 1t will be done 1n the normal electivve verue, that
:-:: 15, teach !6 hours i1n two-hour segments for eight weeks This validation group
1N weuld prowide another opportunity to adjust the instruction pricr to the next

academic vear
..:f,

:::‘ It -ralidation results are satisfactory, adjustments should be made and
:-: included as an elective course for ACSC Class AY89 This will be further discussed
;:::,’ in Step 5 of the ISD process, Conduct and Evaluate Instruction
".':j CONDUCT AND EVALUATE INSTRUCTION (STEP §)
ot
:."-" As mentioned, the first choice for validation will take place during Mix Three,
:,.a ACSC Class AY88, by conducting the course. Simultaneously, the course will be
) evaluated. Based on instructor and student inputs, end-of-course critiques, and
e Class AY88 critiques, conclusions can be drawn to show where the course should
;:.::" be 1mproved or changed ACSC/EDT has offered this criterion as a proper
:c',. conclusion for the instruction: A "Good" rating on the end-of-elective critique
o, from 75 percent of the elective participants. We suggest, however, that the best
::',g' benchmark for determining the adequacy of instruction will be the student final
¢ reports generated as proof of meeting the fourth level of learning objective. Solve
;:' previously unencountered problems using the weighted criteria decision model and
'\-., the SMART package as a Decision Support System. The relative quality and
:: "-J' completeness of these reports will show how close to desired learning targets the
;:: X trajectory of instruction has landed Finally, since the ISD model depicts feedback
MU between all steps, this allows an opportunity to make course changes before the
9. course is taught a second time. (20:Table 1-1)

)

i?\‘ If the elective is adopted, before any instruction starts, the next class should
'::3_ be given an end-of-course problem on the first day of class, or prior to class.
“,a,., While the students would not be expected to solve the problem completely, any
.y segment of the problem which can be solved without benefit of instruction would
‘Q- . indicate that some of the course might be superfluous and might be 1n need of
Y
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- revising It would further show what the students’' entering knowledge leve! is,
L thereby confirming or modifying the original ISD Needs Assessment. Similarly, a
: post-test would serve to prove that learning did, in fact, take place. The student
f:" project called for at the course's end 1s a suitable post-test. Additionally,
: inadequate solution of the project would point to deficiencies in the instruction and
O would call for revisions in the course
0
C .
- ISD SUMMARY
i
::,\ The ISD process is now complete except for the feedback which will continue.
e We have shown that a course in computer-aided decision making incorporating a
e decision support system (DSS) is justified for inclusion in the ACSC electives
curriculum Also, the entire five step ISD model was exercised. A complete Needs
s Assessment determined the starting point for the instruction by finding what needs
.:5- to be taught. Next, objectives and a suitable test of learning were evolved. Then,
v p the lesson planning and development and a suitable validation were included.
\$ Finally, the phase of conducting and evaluating the course was outlined. The
N complete lesson plans, overhead slides and graphics, and student handouts can be
found in Appendices A, B, and C, respectively.
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he 2 A LESSONS LEARNED
o "
1}
*-; During the deveiopment of this elective course, several things were noted
o which deser e mentioning First, ACSC students who tackle a curriculum
ut development! proiect would be well served to take the ISD ¢lective in Mix One
This proved tc be very usefu! to us in learning and using the 1SD process  3econd,
-:s: don't overlook cther DOD traiming agencies, both inside and outside Air mversity,
'.-:. as sources for similar training materials This 1s appplicable tor a rew course
::\: itke ours or an update of an existing course Third, if computers are part of a
; -"§ praject, na stone should be left unturned in finding the experts Many times they
= are nnt assizned only to offices which use or manage computers extensively We
") found that ronciderable computer expertise shows up in unexpected places and
A pereons. so it pavs to ask around The ACSC staft and student bodv have manv
n omputer gurus” who aren't carrving a computer AFSC
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no LESSON PLAN & 1 (2 HOURS)
o
' 4

PN INTRODUCT I ON

‘.

LN}
o ATTENTION
P Introduce yourself, let class introduce themselves, discuss
v ) . computer experience. (10 minutes)

\

2 MOTIVATION
‘jﬁ As desired.
N
W COURSE OVERVIEW (5 minutes) Slide 1-14

COURSE OBJECTIVE

¢
\33 To improve decision making through a better comprehension of
#Q} decision theory and decision models using a microcomputer.
-.\J
'dﬁ Eight lessons (16 hours) Siide 1-2
N Lesson 1
vq? Introduction

.:f Decision Theory

'. Ld
4 .P.

M Lesson 2
Sl Review

Decision Modeling

Yo Decision Support Systems
N Weighted Criteria Decision Model
Lot

>)
'ﬁp Lesson 3
V.o Review

) Introduction to SMART
"

PN Lesson 4

ﬁﬁ Spreadsheeat

xﬂ Graphing
)

1

Lesson S

p Review
-, Problem A

7
Ble, Lesson 6
e - Problem A

. Introduce Problem B
7
A Lesson 7
Lo, Problem B
e

>
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Tu
o
o
B
1
O
2
.LQ ~esson 8
C Problem B Report
o Review
St Summary
[, ‘.'\
D
'b'.\
N OBJECTIVE: Demonstrate a general knowledge of decision making
AN theory Slide 1-3
Ay
S DEVELGPMENT
hus
ity
"y
. 1. Decision Theory Handout 1-1#
s A. Introduction
) ~J

$ 1. How are decisions made? (3:1)##«
a a. guessing
DOLN b. take poll

' ¢c. voting

f;ﬁ: d. following a hunch
;5}. e. experience

N f. systematic approach

aTs
O 2. Decision Loop (3:1) Slide 1-4

a. become aware of problem

I b. define problem
. : c. analyze alternatives &
Qi cansequences

‘i, d. select solution
MON e. implement solution

) f. provide feedback
‘ﬁﬁ: 3. Importance of decision (3:1-3) Slide 1-5
b a. determines method
oS b. size/length of commitment

) 1) considerable capital/effort =
.' major decision
o 2) long-term impact = major decisfon
u.. c. flexibility of plans - action that
& cannot be easily reversed may be
%:1 of major significance
B d. certainty of goals & plans
P 1) following long-standing policies on
» i how to handle certain situations
o o makes decision easy
3" 2) no policies/history (precedent),
[ decision may assume major importance
oy
o
oy 22
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R
'5&&
Qr: e. quantifiability of variables
A 1) well defined, accurate
quantifiable data = atnor
o importance
Tl 2) 1if duilding a complex item or it
:\& program costs are based on broad
s? estimates = greater i{aportance
%, f. human i{mpact - husan jispact great (many
) . people) = decision important
o 4. Time-cost relationship (3:3-8) Slide 1-6
AN a. Cost-benefit time curve
o 1) benefit from more info
< increases, then levels oftf

2) costs of waiting continues
to increase
3) curve varies for each sftuation

‘...
4 o 4 4

A b. Cost-uncertainty time curve Slide 1-7
) 1) want to reduce uncertainty

W 2) do not exceed crossover point

. 3) uncertainty never reaches zero

4) decisions with major ramifications

‘{“ requires collecting adequate data to
AR select the best course of action
N c. Optimum decision point curve - Slide 1-8
¢¢; delaying decision beyond optimum

point results in increasing total
cost (opportunity) costs, $, eto.

uet
WA
‘\M Interim Summary: We have started an introduction to decision
WO theory. After the break, we will continue this topic.
]
)
gq 15 Minute Break
) A
s
‘fQ 5. Decision ingredients - decision making Siide (-9
Y is based on the following basic
) ingredients (3:7-8)
SO a. facts
"y ’ 1) pro & con to determine boundaries
sl 2) 1if facts cannot be obtained,
o decisfon must be based on
! . vwhatever data {s available
b b. knowledge
Wy, 1) §{f decision maker has knowledge,
:y; then it can be used to select

a favorable course
.& 2) {f not, secek advice from experts

L} J - h r =~ g - - | (™ 3 1]
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¥: C. experience - use experiences in solving
:t previous similar problems to help solve
problem at hand
» d. analysis
e 1) mathematical analysis may
\ supplement decision making
2‘ 2) if model] does not exist,
i intuition may be necessary
’ e. judgement
Ry 1) ties it all together
N 2) needed to combine the above
: ingredients to select the best
,‘,'\ course
N
) 225, Decision problems - Problem areas Slide Opt.

encountered when making decisions

3 (3:9-11)

1\ a. misdirection - wrong question,

Y right answer

M b. sampling

7 1) sample size

' 4 2) sample must represent facts

e c. bias

A 1) may be in decision maker

;2: 2) also may be in data source (expert)
vJ d. ubiquitous average - averages may bury

R important extremes

' e. selectivity

M 1) reject unfavorable results

,C 2) choosing methods that will yield

Lo only favorable results

?C f. interpretation

oy 1) finappropriate interpretation of facts
) 2) lack of expertise or understanding

ﬁ“ g. Jjumped-at concliusion - aiready favor a

N solution and initial data supports

{ "gut feeling”

g h. meaningliess difference - applying

oy significance to insignificant

differences in data

W i. connotation -~ inappropriate conclusions

ﬁ caused due to emotional content or

Y implication

i% j. status - communication break down due

i to rank or position

~“l

e
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e
b
e e
5
) I:l
mﬂ B. Non-mathmatical decision making techniques - fact finding
1. Can be individual or group
v a. {in either case, consider
};, systematic approach
‘\i 1) consider time - Optimum
g*} decision point
Wl 2) tollow decision loop
‘ . 3) consider importance
4) wuse available information
;: (decision ingredients)
Y b. examples of Sliide 1-10
SO groups: (3:53-56)
«;“ 1) Brainstorming
2) Nominal Group Technique - ACSC
- 3) Synectics - Similar to
il Brainstorming except formalized
o, methodologies are used to develop
:ﬁ$ and select solutions
B 4) Consensus thinking
SN a) knowledge is spread among
. several experts
33 b) formalized process to develop
e consensus
'g " S5) Delphi technique
Pl o a) technique using experts to
L predict future
b) experts forecast in isolation,
::;\ then consensus is found
N\
: ?: C. Group decision making (3:130-34) Slide 1-11
Bt
oy 1. Advantages
J a. broader background
zy 1) biggest advantage
,ﬂ\ 2) broad base of experience
.ﬂq and opinions
by b. spread of authority
B 1) used when management does
( not want to del)egate too
A much authority to an individual
) 2) balance-of -power
Iy
ézﬂl c. special interest group - support
hﬁ decision it invoived in decision
RO - making process
. d. coordination of action - bringing
e, specialists together frequently
ggﬁ improves coordination of planning/
'$\ execution
o)
O
v
8
w : 25
ey
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o
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o

L)

NS e. information exchange

1) all parties simultaneously learn

NY the importance of the decision

NN and why {t was made

ﬁ} 2) do not have to spend time explaining
\“: decision to everyone

Gy f. span of authority - decision may require
; 5 combined actions from numerous work

) sections

:J g. motivation - participative decisfon making
;{ h. avoidance of action - sometimes groups
;?4 can be used to avoid action
2

fﬁ' 2. Disadvantages

L a. cost

e 1) primary disadvantage

2) labor hours, travel, lodging, etc.
b. compromise decisions - compromise
decisions can be less than optimal
c. fajilure - members may find it impossible
to agree

7

fj d. guided decisions - if progress is not
P made, leader may guide process which
o causes:
Vo 1) members to withdraw and leader
b L - makes decision - individual decision
i 2) group splits, making compromise
X impossible
Y e. committee responsibility - no one
A responsible for decision; therefore,
‘:;} no one responsible for carrying it out
? f. strong minority - if unanimous decision
N is desired, minority may force compromise
f@ to a less than optimum position
M~ g. management replacement - could replace
s "centralized control"”
&? h. research - committee should not be used
ﬂ'* to do research - wastes time
.‘ i. trivial decisions - groups should not
s waste time discussing trivial msatters
p o or making trivial decisions
1494 j. authority - committee members should
;, have the authority to make appropriate
R0y decisions
.
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SUMMARY/REVIEW Slide 1-12

Lo ol N
- 3

-
h

' As required - Next time, we will talk about mathematical decision
Vi making, Decision Support Systems and the Weighted Criteria Deci-
. 3, sion Model. (Pass out Handouts for Lesson 2)

# Handout 1-1 should be passed out approximately one week prior
v to the first class.

‘01 #* Footnotes refer to the supplemental bibliography at Appendix D.

g Material cited was generally extracted from the sources indicated.
) Citations are designed both to give credit to the author(s) and to
provide a reference for the instructor.

#xx Time permitting/optional
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LESSON PLAN #2 (2 Hours)

o INTRODUCT ] ON
)%
%Y

3=
e g ATTENTION
e As desired
1
o MOTIVATION

) As desired

i

g REVIEW Slide 2-1

As required

A OVERVIEW

N Discuss decision modeling, Decision Support Systems, and
W the Weighted Criteria Decision Model
an OBJECTIVE: Demonstrate a general knowledge of decision models
¢ (30 minutes) Slide 2-2
’-‘
4 DEVELOPMENT

A,

:: 1. Decision models Handout 2-1
.‘d

A. Mathematical! decision making (MDM)

N
35 1. MDM involves expressing an action
L or activity in quantifiable terms

e
Qn 2. Generally requires developing
;) a mathematical model
N 3. Why model? (2:5-6) Slide 2-3
?' a. necessity
Y 1) data deluge
“’ 2) model is not goal; instead,
o decision is goal
C1 b. better decisions
{ 1) consider more of the relevant
e facts
{q‘ 2) consider longer periods
:@ 3) sensitivity analysis - i{mproves
W] understanding of factors,

1 particularly uncertain factors
X ¢c. 1insight - better understanding of haow

- factors relate to each other

'5 d. aid to presentations

e e. intuition - modeling complex problems

e can provide insight into the {ssues

!
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Y

R

:ﬁ& 4. A modeling discipline (2:6-7)

e a. rellable - reliable modeling requires
2 disciplined development of the model
?f b. accurate - must accurately reflect
R assumptions and reality

SN c. simplicity

(e 1) improves reliability

A Y 2) decreases investment

‘:) 3) should be flexible/extendible

e : (account for changes)

‘|"'I

;g S. For almost everything that occurs or

O] . will occur, a model can be developed to
G simulate action or predict outcome. The
Kt key is to select the model that is most
" appropriate for your situation,

He
:;f B. MDM examples

7.

:\;‘:.: 1. Probability
AL a. examples of coin & dice

b. example: Slide 2-4
KY 1) PXC-=V
Ny 2) P - Probability
g 3) C - Cost
g"". 4) V - Value
! §) it P X C >V, then this is a

good decision

N 6) probability must be accurate
Qﬁ - sometimes subjective
T - bias
o
o 2. Decision tree (3:118-119)

) a. uncertainty is normally part of every
¥ decision - decision trees help you
‘e visualize how uncertainty affects a
. particular alternative

. b. basic example Slide 2-5
R c. steps - example of return on

an investment of $10,000 Slide 2-6
iy 1) lay out diagram
ya 2) assign payoff
f. 3) assign probabilities
:h' 4) select best strategy

#u ) d. again, graphic display of issue helps

- visualize situation
<y
o 3. Weighted Criteria Decision Model

> a. falls into this (MDM) category
f:‘ b. just mention for now; we get into
.\5 more detail later today
0 29
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A.
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NN
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N
,ji 4. There are numeroug other examples of types
{“ of MDM ranging from simple to complex. You
- must match the technique to the need.
Al
e
59
W OBJECTIVE: Demonstrate a general knowledge of Decision Support
: Systems (DSS) (15 minutes) Slide 2-7
|:1 I. Introduction (1:58) Handout 2-2
1.‘.
gl
n A. DSSs do not make decisions; instead, help you

make decisions (hopefully better)

Wy B. DSSs allow you weigh alternative more dispassionately
S C. Pros Slide 2-8
t::: 1. Preprogrammed
uia 2. Fairly simple
v 3. Advantages of modeling
“Ts 4. Uses computer, compatible with integrative
- software
\ -
“" D. Cons
:(? 1. Time consuming
e 2. Can be used to legitimize bad decisions -
o bias
i
- Il. General types (1:60-61,122-124)
o,
o
e A. Computer-aided
Y
ﬁt: 1. Weighted criteria models
L3 W )
% 2. Examples
N a. Decision Aid
i b. Decision Analyst
‘:ﬁ c¢. Lightyear
P~ d. Expert Choice
:.’ e. Trigger
o ) B. Decision-modeling
‘N.-
N 1. Help make strategic, direction-setting
s decisions
2. Examples
NN a. Encore
o b. MAC-PAC/PC
‘ ; c. IFPS/Personal
:2} d. The Confidence Factor
’:‘l I
L]
NN 30
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Interim Summary: Today we have discussed decision modeling and
Decision Support Systems. After the break, we will talk about the
Weighted Criteria Decision Model.

1S Minute Break

OBJECTIVE: Demonstrate a general knowledge of the Weighted
Criteria Decision Mode! (45 minutes) Slide 2-9

P

1. General Information

A. The Weighted Criteria Decisfon Model (WCDM) {s
a type of mathematical decision
making

B. It is a systematic approach to
decision making and {s very similar
to the Decision Loop (re. lesson #1)

C. It is particularly suited for decisfon
mode!l ing

1. Fairly simple

2. Demonstrates an excellient example

of using integrated software

a. word proccessing helps in writing
the report

b. spreadsheet facilitates calculations

c. graphing improves presentation of
information

d. data bases can be effectively used for
loading information, if available

I1. Discussion

A, WCDM works particularly well if you are
purchasing an item (acquisition)

1. Example - purchasing a car
a. you first determine you need
a car

b. you then develap criteria
1) new versus used
2) cost range
3) options
4) gas mileage
5 eto.

31
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c. now, you determine which cars
you can buy (alternatives)
d. you weigh how each car meets
your criteria
e. then, you pick the best option
2. You may not be as systematic as this,
but you very likely go through a mental
exercise similar to above example
The WCDM basically involves the above
process, the steps are (brief overview):
(5:22-24)
1. Problem definition
2. Statement of purpose
3. Criteria definfition
4, Criteria assessment
5. Alternatives
6. Weighting
7. Scoring
8. Analysis

9. Conclusions

WCDM is an expanded version of the car
example; however, with WCDM

1. You quantify your criteria

2. You can use a computer - integrated
sof tware

3. You can use sensitivity analysis
to see what {f?

4, Allows a more dispassionate decision
Now, an explanation of the steps (5:22-24)
1. Problem definition

a. normally in an acquisition, this
step is fairly simple

32
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Slide 2-10
Handout 2-3

Slide 2-10
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“ guidanse, as practieal

e conelder 1he options of “doling satbhing”

N, . rsecerd yout (ntorastion

A 8- 6Gar osanple - 200d (roseperiation

AT ‘ 2. Statesent of pusrpese

Ve 8. after defining the predies. Goveiep o
"; Puspese statesent
:.: ‘ B: GOf QcaNple * Purpose o Duy & o

J. Criteria ot inition
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b LESSON PLAN # 3 (2 HOURS)
|;‘ INTRODUCTION
rd

d} ATTENTION

oy As reqQuired

Jd

. MOTIVATION

V¥ As required

s

X REVIEV

:f ) As required

'’
K OVERVIEW

’ Discuss business software packages and integrated packages.
:ﬂ\ ({.0., Enable, Smart, Framework, etc.)
\5 OBJECTIVE: Demonstrate the ability to Joad and boot up with
N Smart, enter text, handle files and integrate the word processor
—~ with other modules.

7 DEVELOPMENT

>

oY

:; 1. Overview of Smart: (45 minutes)
.P‘l
WA A. Smart System Modules:

Y 1. Vord Processor:

o a. fully capable module

7o b. cosmon features

AR ¢c. windows
N d. can include graphs from

the spreadsheet module

- 2. Spreadsheet:

Fos a. features you are accustomed to
.~ b. windows
~ c. formulas in the vorksheet
o d. business Graphics
e 1) bar graphs
-5 2) line graphs
g 3) high-low graphs

o~ 4) pile charts
.
' . 3. Other Modules:
N a. data base
N b. tise manager
e c. coamunications
4',‘
‘)‘\,‘

<
v




)
'y B. Common features
T 1. Confidence levels
9,3 a. set from parameter menu
3 b. help speed up vork
h:ﬁ c. can use level you need
Xy
e 2. Quick keys
B a. function keys (F1-F10)
¢;ﬂ b. control key (Ctrl)
,ﬁﬁ c. alternate key (Alt)
A d. Example
f\? 1) F1 Help
' 2) Alt S = Save a file to disk
\;;: C. Starting Smart
-‘\‘
N 1. DOS review
o)
M a. C: prompt
W b. Change Directory (CD\smart)
8N 2. Begin Smart
NI a. C: smart
A b. goto module directly
5i{ 1) smart w = word processor
N 2) smart s = gpreadsheet
F*H Interim Summary: The Smart system is a business software package
A that contains six application modules. These modules are fully
J:A capable and have many of the same common features. O0Once you learn
1~? these features, they are usable throughout Smart. Also, getting
bt s started with Smart is simple. The word processor will be the
) first module we will discuss.
R 15 Minute Break
;Qﬁ Il. Using Smart’s Word Processor (45 minutes)
PO
- A. Introduction to the Word Processor
DY (4:323-394)
l:.'
™
:‘W 1. Enter text
.%pa a. two modes
ﬁ% 1) command
i 2) text mode
®..
3 2. Handling files
e a. ESC to toggle modes
2 b. backslash (/) to move in menu
AN c. Alt L to load file
AN d. Alt S to save file
{
"o
,‘u
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3. Handling and moving Text
a. cut and paste
b. Alt M to move blocks
c. Alt 1 to ingert
d. Alt D tao delete
e. Alt V and Alt H for windows
f. formatting {s done from command menu's

4. Search and replace text
a. F3 to tind and replace text
b. FS5 to find and replace string
c. F4 is GOTO command

S. Printing text
a. Alt P will give you print menu

B. Integrating Word Processor to other Smart Modules

(4:395-404)

1. Reading files into text
a. Command Menu 4 - Read

2. WVWriting text into a file
a. Command Menu 4 - VWrite

3. Sending text ta other Modules
a. Command Menu 5 - Send
b. to change to ASCI1
1) Command Menu 4 - Change Type

Students work on word processor commands, enter text and handle
files in the time remaining. I[nstructor provides assistance as
required.

SUMMARY/REVIEW

The primary reason to use a word processor {s the ability to cut
and paste a document. By having the ability to integrate data,
the word processor can produce a high-quality product. In the
next session we will continue by discussion about the Smart
spreadsheet and {t's graphics command.
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LESSON PLAN ¢ &4 (2 HOURS)
INTRODUCT I ON

ATTENTION
As required

MOTIVATION
As required

REVIEW
Review Smart start up procedures.

OVERVIEW

Discuss how everyone has had a chance to work with paper
spreadsheets and some may have had experience with electronic
spreadsheets (i.e. Lotus 1-2-3 and SuperCalc 3)

OBJECTIVE: Demonstrate the adility to load the Smsart spreadsheet
module, enter data, handle files and integrate the spreadsheet
with other modules.

OBJECTIVE: Demonstrate the abllifity to define a graph, generate a
graph, view a graph, print a graph, edit a graph, and send a graph
to the word processor.

DEVELOPMENT
1. Using Smart’s Spreadsheet (45 minutes)
A. Introduction to the Spreadsheet (4:187-292)

1. Rows and Columns
a. each cell has address
b. example - rS5c5

2. Spreadsheet size
a. 999 rows and 9999 coluans
b. ignores blank cells to save memory

3. Entering data
a. two modes - like word processor
b. F&4 - GOTO
c. enter data at cursor
d. = to enter formulas

4. Handling files
a. Alt L - Load
b. Alt S - Save
c. Alt U - Unload

38
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~h S. Handling and moving data

' 8. Alt C - Copy
. b. Alt M - Move

& G. Alt | - Insert

n d. Alt D - Delete
o,

" 8. Printing vorksheet data

Y a. Alt P - Print

&? B. Integrating the spreadsheet with other modules
bﬁ (4:295-299)

N

) .

:: 1. Reading external files into worksheet

oy a. Coamand menu 4 - Read

b. data wili insert at cursor

A

o 2. \Writing worksheet data to different files
,5 a. Command menu 4 - Vrite

'!'(

%y 3. Sending data to the word processor

a. Command menu 5 - Send

A b. three options

:, 1) Document
25 2) Graphic
A 3) Both
L) ‘{
3
- Students work on spreadsheet commands, enter data and handle files
) in the time remaining. Instructor provides assistance as re-
50 quired.
o

A\ Interim Summary: We have discussed and practiced the Smsart
e spreadsheet module. After the break we will cover the graphics
’: command of the spreadsheet. The data for graphics comes from the
" spreadsheet.
)
: ) 15 minute Break
by
‘: C. Using Graphics command (45 minutes)
(4:301-322)

N 1. Detining graph
" a. Ctrl G
0 b. choose define command
t"

U
*' : 2. Choosing graph type
. a. bottom of graph definition screen 1
w b. screen 2 is used for entering data
)

¥
L)
" 3. Displaying the graph
» a. choose generate command
s b. save screen command to view latter

o

1
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bty
' 4. Printing a graph
o a. Matrix-Print comsand

¢
'iﬁ S. Editing a graph

d{ a. choose edit command
iy 6. Sending graph to word processor

z:', a. be in word processor module

A 1) be in desired document

o b. use graphics insert command

-~ c. graph will not appear on screen

1) will appear when printed

. d. to see graph use graphics view command
$g e. must be in enhanced mode to print

o

-

o Students work on graphics cosmand, enter data, define graph, gen-

uQ erate graph, view graph, print graph, and edit graph in the time

N remaining. instructor provides assistance as required.
SUMMARY/REVIEW

N

The Smart spreadsheet is an electronic worksheet that can help
understand and manipulate data. The graphics comsand further
enhances the spreadsheet by displaying the data in graph format.
Both these modules can integrate with other moadules of Ssart to
produce a high-quality product. In the next session we will con-
tinue by using the decision model with Smart to solve a problea.
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b LESSON PLAN # 5 (2 HOURS)
i INTRODUCTION
F L]
N ATTENTION
N As required
>
) MOTIVATION
"y : As required
)
|}
> REVIEW
f& Review Smart modules and Weighted Criteria Decision Model.
X OVERVIEW
nd Up to now we have discussed the Weighted Criteria Decision
? Mode! and practiced using Smart. Today we will use a scenari{o and
¢: apply the decision model to solve and report a solution in class.
X OBJECTIVE: Apply the principles and concepts of Smart to s given
scenario.
f3 OBJECTIVE: Solve previously unencountered problems using the
iy weighted criteria model and the Smart package as a Deci{sion Sup-
e port System
R
"
et DEVELOPMENT
ol l. Using Decision Model with Smart (2 hours)
~
o A. Instructor will handout Problem A (Handout 5-1) to
[/
bl s students and review instructions on procedures.
1%
L
) B. Students will use time allotted to solve problem using
'O Smart and the weighted criteria model.
ot
v C. Answer will be provided to Instructor during 1st hour
of lesson 6.
|"
' D. Instructor provides assistance as required
l‘..
", SUMMARY/REVIEV

o Today’s scenario gives us an example of how to apply the prin-

o . ciples and concepts of Smart to a problem. The next scenario wil)

. be more complex and will further your ability to use Decision Sup-
port Systems and Smart to solve problenms.
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j{ LESSON PLAN #6 (2 HOURS)
e
',
AR INTRODUCTION
L) _
Ko ATTENTION
WY
.b~‘ As required
.
&Q MOTIVATION
"oy As required
o)
o, REVIEW
‘Qh' Review Smart modules and Weighted Criteria Model.
‘s
ﬁ“- OVERVIEW
g Provide answer to and review Problem A. Hand out Prob-
lem B. Students start work on Probleam B.
NS
_3{ OBJECTIVE: Apply the principles of Smart to a given scenario.
i.fﬂ.
:Q OBJECTIVE: Solve previously unencountered problems using the
[ weighted criteria model and the Smart package as a Decision Sup-
port System.
X
o DEVELOPMENT
LSAY
:‘5 I. Using Decision Model with Smart. (2 hours)
'.\I
¢ A. Instructor will provide answer to Problem A and re-
J" view will students.
Yy
o B. Instructor will handout Problem B (Handout 6-1) to
:ﬁ students amd review instructions on procedures.
B

o
Q

Students will use time alloted to solve problem us
ing Smart and the weighted criteria model.

daaty D. Students will have the two hour block in this lesson
.::\ and two hour block in lesson 7 to work on this

L) problem.

E. Answer will be provided in lesson 8.

w F. Instructor provides assistance as required.

bels SUMMARY/ REVIEW

Q.. Todays scenario gives us an example of a more compiex probiem and
) will futher your ability to use Decision Support Systems and Smart

. to solve problems. Next lesson will proved more time to work on
ﬁb‘ this scenario.
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LESSON PLAN #7 (2 HOURS)
INTRODUCTION

ATTENTION
As required

MOTIVATION
As required

REVIEW
Review Smart modules and Weighted Criteria Model.

OVERVIEW
Students continue work on Problem B.

OBJECTIVE: Apply the principles of Smart to a given scenario.
OBJECTIVE: Solve previously unencountered problems using the
weighted criteria model! and the Smart package as a Decision Sup-
port Systenm.

DEVELOPMENT

I. Using Decision Model with Smart. (2 hours)

A. Students will use time alloted to solve problem us
ing Smart and the weighted criteria model.

B. Students will have the two hour block in this lesson
to continue to work on this problem.

C. Answver will be provided in lesson 8.
D. Instructor provides assistance as required.
SUMMARY/ REVIEW
Todays scenario gives us an example of a more complex problem and
will futher your ability to use Decision Support Systems and Smart

to solve problems. Next lesson will proved more time to put final
touches an this scenario and provide the solutions.
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LESSON PLAN #8 (2 HOURS)

:F INTRODUCTION

. ATTENTION

- As required
I8 X
\ MOTIVATION
! As required
H)
s
9§ REVIEW
s Review Smart modules and Weighted Criteria Decision Model.
.l

OVERVIEW

R Students wrap up work on Problem B. Instructor reviews
'b solution to Problem B. Summarizes course and passes out course
~ critique.
A%

.§ OBJECTIVE: Apply the principles of Smart to a given scenario.
[
9 OBJECTIVE: Solve previously unencountered problems using the

. weighted criteria model and the Smart package as a Decision Sup-
:ﬂ. port System.

& DEVELOPMENT

L4

sf I. Using Decision Model with Smart (45 minutes)

",

R A. Students will wrap up work on using Smart and the
) weighted criteria model! to solve Problem B.

[ *)

“

“j B. Instructor provides assistance as required,

}d 15 Minute Break

o

N 11. Provide solution to Problem B (45 minutes)

) A. At least one student briefs the solution to Problem B.
» All students turn {n written report of solution.
N

]

:w B. Instructor reviews correct solution. (Handout 8-1)
K
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‘) SUMMARY/ REVIEW
b

Todays scenario gives us an example of a more complex problem and
will futher your ability to use Decision Support Systems and Saart
to solve problems. This course has provided you with a general
knowledge of decision making theory, decision modeling, decision
support systems and the weighted criteria model. Also, it has
provided you the opportunity to apply the principles and concepts
of Smart to a given scenario to solve a problem using the
knowledge you obtained in decision making.
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L
:sj COURSE OBPJECT IVE:s

~$E «

; To improve deciesiomn making Shrough
‘.;: a beatter comprehenmnsion o€ decieilon
® "

::: theory and decision models using a
Y
N microcomputer.

()

o

l"-

;-;:', - Demonstrate a general knhowledge of
SR

NN decisiorn makinmng Sheory, decisesion

P modelsn, and Deciesion Suppor-t System
,-kj Comnmcepts

4

.»- _ Demomnastrate a working kmnowledge of

o

4-2: the decision model used in tSthiea

e )

:‘5 courae

:?‘l .

:f - Use the i1integr-ated software package

ol
. (BMART)

N5

:2- —_ Use the decision model integrated
~0

2“ with SMART to solve prob lems
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oo OBJECTIVE

Demonstrate a general kKnmnowledge

of decision making theory
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DECISION LOOP

! STEP 1

Become aware of Problem
’ STEP 2: Define problem

STEP 3: Analyze altermatives e
consequences

. STEP 4 : Select solution
B STEP 5: Implement solution

N
.
'Q STEP 613 Provide feedback
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A DECISION INGREDIENTS

) Facts
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DECISION PROBLEMS

; Misdirection

e Sampling

e Bias

0] Ubiguitous average

el Selectivity

o Interpretation
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GROUP DECISION MAKING
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- Nominal Group Technique
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T GROUP DECISION MAKING
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1. Decision Theory
A . How are decisions made?
B. DPDecision Loop
C. Importance of decision
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PROBABILITY

-~ P - Probability
‘Q R - Reward

“ vV - Value
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OBJECTIVE

Demonstrate a general knowledge

¥ of Decision Support Systems
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DECISION SUPPORT SYSTEMS

¥ Pros

A3 Pre—programmed
Fairly simple
::0. Advantages of modeling

. Uses computer
":..c Cons
L Time consuming

" Garbage in = Garbage out
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CRITERIA ASSESSMENT
Car example:

} Criteria Relative Normal ized
>
Y Value Criteria

>, Value

Cost 300 35 .
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Gas Mileage =225 26 .

| 3

R & M 1850 17.
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3 9%
5 9%
& 9%
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Criteri
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Weight Limits

K

AL

Cost $12, OO0 — 16, OO0
Gas Mileage 25 — 40 mpg

R &« ™M Consumerxr Rpt/7Sub ject

-

Seating Cap. 4 — 8 Pax.

i Trunk Space ®x — x Cu. Ft.

$ Color Blue or White

o 71 2—12

LY on A LT ] 3 ; 0 T G PNONG D N A MO MM N W
D ) o U i F
“.’ui‘,".l',‘“. ||t'l#l...l'l.‘:.l.:‘l':.l.. ».\{.‘ . R AXY »'~..’l '.n"\u‘:';‘tl- 4 ‘N A .‘.‘h", :‘..!'e\‘.‘5“!,"6.“!!&“0“"‘\‘: l'y’l'a"lu W, l‘c‘.‘,‘l'a NUOCDO O IDUON I R O




ol e

I:-‘- X

¥ X - P

)l.l..’f‘

LINEAR GRAPH

W L, "."’:‘}t

Ay e

Y Y=AX+B

Hd

A - Slope
B -V Intercept (X = @)

S
b Sl Ja¥ 2t BF B 4

-
-

er

. ,_
> @ "y

’\".::_’ - -

: 2 2—-13
LY
b))
")
u
o
"
N )
]
...... .o At e AT A AT AL ALY L N ! A ey IR,
4 . "A‘\’v"..""‘ o] )I"l" Lo a2 O X 00 -,0'.[!‘-.0 ALY OV AN D o‘i‘:.“l- .l...‘:.,'!




3 WEIGHTING
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SCORING

Car example:

%
5/

LT

Criteria Criteria wWt. Score

Cos t 3I5.3 1766 .

s
.'

Ay

Gas Mileage 26 . 212.

i

»
A s

R 88 M i17. S2.

v -
SN
AR, &

Trunk Space 5.

R R R R R R
0 00 W O O

5
S
Seating Cap. 11.8
=
=]

pop

Q Color 2.

G Total 529. 3

et 7a 2-15S

~

‘ (v ™ v ™~ - Y '\“ " » Ny, 0 P WS AR LT Y U YOO
D (OB h h : O ORSAIN RN
B R R AR i SN R 0 SO L A A M o DT T K o i e i T W S M i MO D O A




PO X
T ol PP

b W WM

. AANRRF

-
>
g

2R

._"-’—

K

A0
ety

L)
(I

» 8
1480

!A

SCORING

Car

Altermative

)
Y n"»

GAQ
YNl

A

AR AN O
. '},““N RN e

O

(KN}

‘\"\'q‘,i

. N
‘Q_'&‘Li

exampl e :

R UM MO
“)blﬂ—‘!'..‘.,‘ll'.‘i‘

08
DOUREN
AREN

t )
b

W = —— ————

2-16

GOCKEOGAT
IS U Y




<
!

s

NN ]

e

K

(L™

..I‘.

J

D ;’-’";‘?‘5

ANALYSIS

(M)

What ir 1 changed:

.o

L4

0
o

Relative Criteria Values?’

- Importance of criteria

AR
»

u‘}‘

Limits on my cocriteria?

N
A}

- Changes welights

e How sensitive is ocoutcome to the

D) various factors?

-'. LY '3'- %4

y xd-) 2-17
W
iy
W

'
RN LY )
"r'.'\‘ 3 'sl>

.

T

DA T ¥ EAAS A AGH 1 LA SEE, AGKORAACHBAOABDOANELY
4t et n'\'.".:‘!_;".at‘,:"."i.t".n'l."' WO -",-".x‘fu'l.~'*‘0"-.«"‘.l"‘s D P !

4 ) (2| Ll L Y
51..‘ .’\‘,‘l'.‘z‘.'l 5‘0“‘|“"“4“‘§"‘"'|10



TS g
r 4

\
..l
\l
$ REVIEW
\.
T
' 1 . Mathematical decision making
Y
$ A . Why model ?
s
&,
o~ 1. Necessity
2. Better decocisions
. L]
,% B. Examples
» 1. Probabil ity
2. Decision Tree
s 3. wWCDM
A
A \Y
N
W 1 1. Decision Support Systems
3 A . Pros/Cons
S B. TypPpes
%Y
i. Computer—-~—aided
o 2. Decision—-model ing
>
b
o 111. Weighted Criteria Model
X4 A. Problem Definition
)
29 B. Statement of Purpose
: C. Criteriasa Definition
' D. Criteris Assessment
e
ﬂ E. Alternatives
I‘
»
b F. Weighting
"
A G. Scoring
h H. Analysis
Wy
Y I. Conclusions
3
%_‘ 77 =Z2—-18
o
oy
it

L.y

LN N

* . 0 WX 'y DGO () OUOMOU MU N
ER I NI(] (AU . b EASOSIONCO PTG Y X be) (ARAM AN T A N N RN N N T T W N R OGO MO RN Y
IEAGTA R S AN “A‘;"’ﬁs‘.'\“'c‘,-‘l’:?l‘.fu'f?»‘Ji’sf!‘.\'.*1‘..’«".\‘.‘1‘.\’@'&’ B X SR R N W U N AR N T UM S TR DU



Ko e APPENDIX

I APPENDIX C

B

STUDENT

-rr
ke

HANDOUTS

~ g
5 f_.l

L
% % %

iy

OOy

P-A

0400 GADH vt OV XXIOOO00 BOOAGH004 ».u
A' l. .-,I‘rwn,‘a,‘.‘.,'«,;,4... 3 ,‘q}r*‘ ! eénl‘s \H.ﬂ; ‘\‘é‘q‘i.‘ .a.‘a .‘4 -)‘n ! .'a . *y

'l A ¢
LN “o.'a,n




= A b ]

1 curjgoad arponied e avos o) Sem 1S 2 i esp o oeoadde
JUEWNSAS B Aq Je "20uadxa §q yaumy e Sisopiog £ *uney £q ‘Jjod
e Furyer £q ‘Fussand L4 apewa Lo may PV SUOISTIP 1801 2. MO}

NOCISTOHAM IS, 10O XTIV LUOANUT

. $8200.1d doop-pasopd aseq o) £y
PIPING 2 URD SUCISIOAP [ ‘1asamo Huawaleveur o spiay 1ylo ay
jo {ur 01 2irr1 Avut ¥ 10 "xpduina 10 susipduns aq Lew woistrap g

Copyright 1983,

Handout 1-1

‘doop Ruiews.voisidag 7 amdy

ey w N . mapon
NPT RS 1L i 1~ EY JUL T

DIk S
AR PRAL |

[ o
i
m

"$$2301d nos1p doop.pasapy my sMeNs | aanfyy
S2RUTISWNd I m:is_:.:o_ﬁﬁv [{® 0 NTE el paisy ) ued sdas jo
SIS € IINIMOH Iping uwy ey sydwane AN SISPD e 1y 01 sapn
1O 15Y) AsdUed e Sprdeind o pun ey o Jo axpuns ¢ ydnoyny
SRLIOE WARIPP 0 SUNSIIP 0) Y| He Sy ‘suon uny sy jo fur
10] SO JO 138 R s sy g 20 AL SR ar s pae UMl sann
-300ar dvame ues SSrurwg v g S ssonpd 1w oy MPP I Suopen
-A20 pun s ur ey suonrziurd o I payse awg sey :.u;:

All rights reserved,

AT XOISI ) A0

ernlassion from Decision Making by Peter E. Moody,

uoIPRPAI]

Reprinted with p

MeGraw=-i1ill ITnc., YNew York 10020,

Andey

. gy ey l.l
p g oy - L . U . - 0-0..-’. ..“ - lo-fl. 5\\\\‘ G.UOIHQ(I r...l...q A A

A, km.l\c. Va.. ..s.\i\ 7Y ..;.\J\on& \-” X SRy I\.-\L W R P EAAS =20y, e ) OM.HNA
i e KA - < S S A XL Lt oa



‘uolleonpo
pur "oouoady> 1o ‘punosdyoeq sjenphpul syl ol sepos suon
2 0b woyy sineuspe Y1 1o ysindue 1ead 131§ UAAD SUOISLIIP
“Yew 1ou ddoad rwos ued AYM (150D eiep Y1 S0P Yonw MO ¢isdy
13188 am op eiep Yonw mopy (SUOISIDOP [eUYy ASIY) dOyew >m op .,.5:

dIHSXOILYVTAY LSO AKIL

‘paddeadss sem
ueyd ay1 wwswojdwa Joyio duipuy 10j sidoad 1s G Y jo furw §o jen
.:.:an. M pue dpdoad Sddeyun jo swian ur ueid syi jo 1oedun 241 poay
T jeug utwaRruRWw dot UAY AY “SIJILE O] AINUILOS JO 0W I
01 My pinom sanojdwa sz Apreunixoadde 1yl 1vey ay1 1unodse ol
SYTI 10U PIP 31 “IdAaMOoY tug(d JuY B 430G IABY AR SIY] “I9HI0 IY; 0)
Lonel0f AUO woly uonduiy Jenansed U0 10U O PIPIIIP SEM 11 ‘SUONE
-iado nepijosund o 1rede soput g Spriewixosdde santjioe; sofew om)
Pty eyl uoneziuedo ue ul pajdom 20uo | ‘ddwess ue sy -ajdoad suzuwt
$21{0U UOISIIZP Y1 usYm anay Ajdenoanaed st sy 1228 st asuersodun
S11 18213 ST UOKIIIP © Jo 1dedwn uewny Y1 S10Y A\ 1ondig upiny m

“ddoueniodunt 1218243 Yonw sawnsse uolsidap Ay
UGt 's10410 01 1390gns st yorym Aewrriss peolq e o1 defas wesdosd pue
1505 a1 j1 pue wot xd[dwod e jo rinidejnuew pue uBisap ay) uo Suip
-Pq 01 pate|2d St UoISIIIP oY j1ing tueriodwlt 4191 10U Y1e UOISIIHP Ful
-){NSAL 21 pUB $.10108] BT JO SISATRUR JY1 UDY3 ‘UMOUY 34E poyiouwl
YOE? JO 2SN Y1 il PIJBISOSSE W PUB 1SOD Y1 JI PUB UISOYD
SIW paulisew >q o1 st uduodwos e yoym iq poyiow oy i spdwexs
40 1 "33ueitodw Jounwu uo s3sje) uoisIIP dyl ‘S| eandde pouyop 3q ued
UOISIIP T LI PARIOSSE S1S0D Y1 UIY N SIJqDLD | fo Supigorfrinong) - %
“luaunssaut oy Sjusnf o1 eiep
woid xenbope uoj Aumes. syyw Jurrspisuod uanq sey wuLwaleur
det s suedwiod Ayl 1eys aunipuadxa jeides v jo sieme 29 10u Sew Loy,
BIEP [EDUBLY UMO 21541 U0 {[3]0s paseq pred aq 01 spuspiaIp o junout.:
I AIRPIp 03 si010p [edueuy soj Meudosddreur sinb oy pos
H ..J_Qr:mmt.a 10§ Sueiodut tofleun sotnsse :D_ﬁ_.JJ-J Rt R 4yl - uoneau
?u 1071 ut Pudosa g praaaagng sjuo o uswouy sdo1de) nouspuadap
..ur..lﬁ..m QI SUDTw eyl Hans «i uotsivap RUPIH OIS HM i BitH n 10— Py
ATIS YUY Jou sey ug nind [V oty e pue navie VIS ST Goneany 3.
~.=. 3 TINIMOY ...—.::n_L wed QLW JHOISINGG Y <1 eyl 33_‘._»...—4 [ Rh AV IH
IR UM AR appnanaed B uoeneeRins eiad v ut dunow Jo v nod

a R . ‘1 3P ; ; .
SHIpURISRUop vy AurdW g v o e s inosy o wHIDIL ) tge

¢ wonInpoesjyuy

‘Juesgiudss aq Aew sued

-wo3 oy uo Jredwil wa1-3uo] Y1 IngG *I]es Jo W Y Je Joutl aq ..?E
UONEBIIPISUO * [PIPUTE AL “S[IUdLIND pasn Buldq Jou st 1Byl puej j¢
3321d © jo afes Y1 aq pnom Jdusexa 1AYloue [N Y1 Ut SN 01 st
Aewt 1Inq Ajudsaad 3uisn jou st suedwod e Jeyl UOHIUIAUL UE 10§ S1yld
sied jo Butfpds sy1 3q pinom djdwexa uy aduedgIudis Jofews sswnsse
UOISIIAP JeYl USYL ‘A[ISED PISIINIL I Jouued jeyl UOMNdE JO ISINOI
? Suiyel $2A[CAUI UOISLIP € J] "Wyl Inoge siijeuy Jo 33IRp e nry
SI3YI0 AIYM “A{ISEI PpIsIad 3q ued suejd dwog sudjd Jo supqixay ] -
10{edl PAIAPISUOD ST UOISIdNP Y1 13ydew ayl jo uawdas senoisrd

t jo 1o Jo o1 3umdd 1o Hiis udiaioj 1o Mou e ™ wepd e Bunerory
sv ans ‘uoneziueiio ) uo 1dedwt wWid-3uo| e sy [[IM UOISIIAP .
J¥ o Spejiurg noisddp Jofew e pasapisuod st uayl ‘aidoad jo 1rquinu
e £q uoya 1eud jo aannpuadxa oy Jo [ended 3[qelIpisuod Jo uit
SHWWOD OY) S[ITIUD UOISIIIP YL J| Moy Jo yiduay 10 a21< 7

:parenjead Aq pjnoys s1oide) iy "dueriodwt s UOISIIAP B SSISSE O]
T
10M0] € 18 301043 Y1 Rujew fenpiatput 3y1 o1 ddueriodu sofew jo 24
Kew 005 dot e ul dueLIodu Joutw Jo 3q Aew ey uois1IP € id
-wexd 104 ‘uoneziuedio Yy ur uotiisod s J9¥EW UOISIIAP Y1 01 pAE} .
Aj8uodis st uoIsSIIP € Jo ddueioduil Y] sI3Y10 01 voﬁno_ov.bu_am xq
Aew UdAD pue Ydiedsdl pue sisijeue Y3noloyl JuelIem 10U AW SUCis
-(33p JOUIW Y | "1SO3 WNWUILI JB JOUUPLU {[W € Ul WAyl dxeul 1snu
OS[E 1NQ ‘SUOTSIIOP 1334400 {ew ISNW {[UO 10U J{ew UOISIDIP Ayl
-JWIRS1P Jo WNWITUIW © YILM PIIUIIIJAL 3 UED 1Y) SIST| 01 J3JaL UES fis
‘peaisul Ipraes aq ued (pI[eaduod }1243]0 $108] 3yl YUIM) uouewle i
jo suoneiuasasd papuim-3uo| peal o1 painbat dum Yl sNYJ "papTu
21T A UAYM SOWL IS0Y1 10] uolyse}  Yooqyood,, et SAUIIPINA st
ap1aoad Am %31 iy uj ‘uonenuts senouted dyi uo spuadap t1amsuv
aYJ, cWOYL PIdU am o BUIYIAIdN0 1soutje O] soutapind sae o~y
1Y) SAIEIIPUI YOIPISAY (UOISIIP © jo dueiiedut Y1 uiwIAap disu
01 sauIPIMA uv 1oyl Ay Yasedsas toud wedytudis aqmboaa ppne
annpuadya feinded JUedIuiis el 10 ol l 1uswafeuew Jolvus v
IIPLUPUL UP JO UOHIIIS YT O LY POIL]31 UOISIIIP B LIINIMOH “Sis
N0-1S1Y “ULISHY © 1o aprw 3 (ew ) os pue ‘[enuanbasuodul g il
1S ETWSUR OF 1] YAUM 01 S© UOISLAP © “Aep ssauisng dfesny i
w A uexd 1o "UOISIAP A1 jo duenedw syl o] Sl wpgoad <.
CAPSNONG() Ol apnotaed e asn 01 UO YOG AURUINIP 3N UTD ~.
UOISLIAP B 1T IALLIE O1 POSH 3y 1D SPOY1aul JO 1dquni e 1ey) usin

sug amyduy ) F3

80

L]
LM

¢
.O

° ,‘t't‘n

]
LA By

N
s %

l..‘.’ [\

“'Q‘_“.’l‘t“‘:,.‘o?l" () ...':."A\l.‘ "e“‘w~"“‘:‘l'n\‘

7
P
%
=

~
a’l‘u

&
L X '-’"

00
b,l.u,l.c.

!].i‘..

U
nat, ,ti‘n‘,“.ln' o0

*OUI TTTH-MBIOOW ‘€861 3IULTIAJOY ¢ uotrsstwaad yitm pajutaday

s ’ \-‘\\\ - - \ ......l'l - _ .- - ’ . _»_ " - .‘. 4.. - ‘ . - = o oW _
b s S R @Y I I S Y N @ gt e SR P XIIIIcN o L2
L - ' 4 ! g .. A A4 la "X A RN - - - Mo e Nt




o P Ox O us U7 GOTST)Sp 7

" 3)4 4 N ¥ bl
"HIIBIGN JO 1503 [101 JO 21173 241 Yuim 1 dedwiod o1 st awund sidterazun .m,.:M:;.... s wing o 5‘.,:_ 13, U N YY) pue wied O SULEY G sl
SISIIN UL YL 1€ JOO] O ABM JIYIOUY "UGHIP JO ISINDD 132G Y 123 O} DALE[PI SNEWRIP Mt W CUUI Y101 104 B JO PUrY 13y el 0i T
01 pataied g 1snw eiep jo unowe sadoad Y1 ‘suonedyiwel sofew e 10§ poambas awn wp “adwexs .o | PIBURYIUR SUTBWAL Adearid
duiey suoisidap 104 1dosd £Prajdwoes aq few SUOISIIOP Yno.oy) YL CINIMOY UGISIIIP (OIID £] A(fE IpeL SRR Leyd g0 ada: -
-HO ‘swjqoud Joutw 104 pniudew dvuejal s Jenjesd Uiyl pue woy "ASO[ AN YIUYM UL DUO O) 21PF 1 UONE[RUUNIIE MY &g W2 pit
-4o1d 2y SzA[eUR IS1Y OF S 13IMSUR Y[ (ISOD € S[IRIUI IUILILIoUN stys am 240ym uonisod © WOij S0t . auIssa uf Apnoad $ags e
3udnpal 1eyl pue s Y aq SKeM|E [ S1UIR1IOUN 1Ryl usAd suor, UG Y1 PAYIINING sP1y 410 TULLET YU PAIPIIOSSP 03 YNy
._.uov I3 AYEUl 2 Op MOH “Buruuilaq dyi1 01 Y IIT AM MON 001 PHNEM SABY IM S{IEUL I SISE013D LY5UNq Putdamy g s
'AG SN passed seY AW pUe (YUY PUE IS0 UIIMIIG 1UIod 151085013 ANO awin se IOAIMO}] HEISIDOP U1 YT sh dpy 01 elep Jeuotippr Iy
py.sed asey om ey Jlgissod annb si it own 1Byl Aq] "|[e 1e 10N ¢Ino pous) Eob JJOUN JSLIP SLUUIL U ST AT 04V U0 O> PUR “UOISIIAP B 56 5t Wif
-1ey sey avand .,..::S 132un >3 nun s1oej 3uayied doay om op og ‘0192 $17A21 UONIF JO seaua 1A Sniiodde os[e ing A2uow sjue i
SAYIBIL IINOU AUTRLIADUN JBYI JION 'SISBIIIIP AIUILLIIIUN ‘SISLILIUT SULINY UL 1§3j G SPW SSO] SIY; IPY1 310N 1S0D PAIE]S [RI0) Y1 INETF 5

paayled eiep jo wnowe ayr pue sissed AW SE USAIMOH W
Yitm saseasdut erep utiayied jo 1503 oY) ‘pajensnfp Ajsnowaaxd sy

SAVIND AW AIUIRIISIUNISO) £ dndey

- -

S
“e
g
S5
%5
- 3
a9
L3 -
e ‘st SineogieR popuadss Wt oW 7 VN U CpOVIAD S e
. AY1 SHSN SEre g AULSIER Jo sud wp s epongd S[rediydess ¢
. ASUGW PUE S S150D s198) Bunayied qoy o
dwinie 2w wHojge i YORT IM $IIEY UONNEs Y Csey uniprs -
. b Th . > . .
g ISy UL poe 01 1M PP ol Moy stangaad oy osHrp 3noied sog sw
X i . , M c Yy .
SOt SERIEP 2ULYIER JO 150D dYl pur Surendun udamiag digsuon OU S1 VN[ WA UAYEL A 1SIW TPY] UOLIP UE ST 10ls1Iap € IN: -
-BI Y1 10 SRLueyd Uy iyouag snsaan 1409 Jo 1utod 191085049 Yyt S sysodand A 10§ urasp e o uonut p e AUKdoPAdp Ag Hels ~
PRI2R ORI SUCTIAC WP JO SIS A1 JO UL Aj(EUOSPAL M v A AN S 1S UOSAP A 10 W
TN RUR AWELITIUD 18T S0P 01 SERS2E ARG CXTUIETIIUR O SIUnos» N TR I Bond pue Koo
AUTLIRY P DAY PRI LOISTIAP K134 10 | “R00YD AM GO IP JO I8N OF Si.t® S {PRPIAIPUL UF 07 * NFT3 | SS7 N 10U, e pur
AULJEC SRS 2L T INOYE SANGPLIAIUN U OF S19T) DYIRT 24 HUApI Y . :A-.i:..x_ AP Al I 0] SN Ro JO IS AL ey
L QLB OT M UYL Y SRR JO BUNGeE s ) [T UL 3N JUHOLEALRA UR (0 G IS VIO 3G PO 13 8
ot meqr Y PPHONFINED PUr S DI IR0 200 T OP Ury aa td
NUILLD OF 3ry SEOTERS NG Y pinosy garg s sanjgodd penon paes d o 01 Hene U I ISPUIY SAe G TV pue i b

AIPPY WIS AW AR MW 001 TTUSARE FIIVC B I U g ANO 10 SAEEos A Mo SRESEY CLEP U AN Dl g gEney

.U/ESth st Auns J_?m.w PATP anw D atgeag own Hoys pans e ey

sugy avpduwny ) 1

« uopaInpeayug

‘DUl TITH-MRIOOW ‘g861 IUbTIAUOD ‘uorsstwiaad yitm pajutaday

Y A e R

- LELE_ B L= & - - .
m o ¢ s e o s . PN N P g - L e s’ --N-ﬂ-‘tv I-?l-.-fm.!-'n. lkl oo . c st nh“i'\ﬂlh') ey
N)-\H\l .hv\-\f.--ﬂn}ﬂ P nh-\ -.-u-\ \l. \)Kfn”&.ﬂ-\y -f-‘- ‘\I *-iv\bn .h)Mv.f Ay Ia-f ~ Mn-. L2 & ot ) b3S g g = «0, A %A St S



1d3do® uk ] ‘wd|qoad Jejiwals 1Xau 3yi BUA[OS Ul SN O BIBD YliM J3Y
10 wiy sapiaoad adudtiadxa 1ey) ‘pood 1o Jood 1913 J1e S1{nsal ay) pue
{em Jepnonded e ut wajqoud € $21]0S [ENPIAIPUL U USYAY 23ualadxy ¢
‘wajqoad x3jdwod e jo sidadse

adnnw jo sissjeur Y1 ui paAjoaut st Lnje1d3ds 2uo ueY) JIOW UIYM
euodwl 2301 UMAI S1$I31A13s Bunijnsuod 3uiureiqQ "papasu 3ururedy
30 s1eax Yyl 01 3umo ‘O3papmouy jedtuydal ssassod o1 pa1dadxa 3 ou
pino sadeurw [e1ousd B YOoIym Ul Sease Ul pazijelaads daey sfenpialput
pue X2jdwod 310w UM0I3 Sey SSIUISHY SE SIBIL JUIIIL UL PAUNIIP sey
uotie133dxa syl ‘1219 MOH "ssoutsnq oyl Jo s1dadse [[e YIm Jerjiuej aq o1
pa13adxo sem raReuewi € 'sQC61 pue spT6l 2Y) uf ‘ssaulsng 3unnsuod
JYi Ul ASTILIUL SNOPUSWIIL B UIIG SeYy 213yl sny | "PoWIojul a1e oym
250Y! WO} IDNAPE YIS 01 PpA3LI0] 34e A "aFpajmouy jeuostad jo sduasqe
Y1 U] "UOIIJE JO ASINOD djqeore] & BUNIF[Is Ul pasn aq ued aFpapmouy
SIY1 UdY: "uonienlis Jepiuns e 40 wopqosd ayl Ruipunoains sadurIsWIND
-212 2Y1 15410 jo IApI[MmouY sey Joyett uoisaIp ayl 1 adpapnony 3
‘uotiewI0ful [213u3d Jo A108M1eD Syl oKt

11} Yoy ‘erep djqejlese Iy UO paseq dq ISNW UOISIIIP Yl 'pauteiqo
5q 10UUED SIDE} J1 ‘JOAIMOH ‘wdjqoad 2Y) jo sdliepunoq ayl duyap
01 12pio u! ‘uod pue oid ‘uonisanb JYy1 Jo sIpis Yioq 10j pardyied ae
s19e4 "$1d8j Suiuielqo Jo spoyiaw dWos SSNISIP IM XA SIY) Uf 51004 *)

‘s1atposdul
ANSPQ JA U0 paseq st Buew UOISIISP JO—IJUAIS jou—-l1e Y|

SLATIGIHINI N OIS1DAA

'saatieudalfe uizdjeue jo pojlow (pataomod.y3iy 10u) ajqepeas ‘aBuis e
‘puodds ‘pue ‘uoistdap [ewndo ayi e Fuialire ut 3duepind spiaoad Aew
YdIym paranpuod usoq arey suonediisaaul pue sdpnis Jo J3quinu e 1eyl
aziuAod01 01 wutod UOISIINP B SB UOHEMIS dY1 JOPISUOd o1 uosidd ey
aonput o1 elEp YAnous ‘i1s1y ‘SI JI¥BW UO0ISIIIP 10 JdFeurll ¢ 19Ho ued
IO LT 1BYY 183 WY | TUonnjosad padsajaad pue suontpund mjjoiiund
"ISIDELRYD Ul onbiun Ade SUOISIOIp [t 1sOW(e jeyl st uosenl ayp -suots
N{2ued 1Y 1SOWe, 1P AALUE 01 PaMojo) 5q ued sdns Jo 195 aepnon
-aud e ieyl sufe 10uued | ing (2s1woid iod 3njoAUl SUOISIIIPp "K[1ed])
8uoum sowje, pue YU sowije, ulaamIwy
20U B SE I ISy 1Y RUOIMW pue 1yl uaming 3d0Yd e el st
USTS SE U PUR UWAPIE P SIOISIINP b eyl uicfdxy 01 Ue saoR o

Ouyl TTTH-mMRIDOW ‘€861 3IybtadAdo) ‘uotisstwiad

TOE o

AR AP BNEYY _ IRRREARY

ot bl

1961 "pRneiods
‘sqaystiynd ‘woy ¥ 3l T NIC ] AN AIYT AU Y ] aaonIQq g 4vd

S1U2AD JO 351N0J [enide ays 1suese
UOISI2aP JY1 JO SSAUMIIIYD pur LUpI[es Y1 s1sal eyl Yovqpad] Yl €
iN0 31 £11U3 01 UOLIDE JY1 JO UOISIIZP Y1 o1ul BUIp(ing AL °%
s1qeidaade uoistIdp Y1 jew O
PAPISU SUOISSIINOD S 01 UMIB §1 UOHUINE 210)3q suonesyrads 3y:
satjsties Y[{njarys AU siey 1gau SUIPYl uoiingos © §0 UOTIEALIN] “§
sSUAIPLer
Cppunog Ayl o ‘uounjos ayy jJo suonedyads syl jO uonuna, "z
S[1d B SIYSIQRISS 1Yl UOISIINP B Y3N0.L:
£{uo payjos aq ued pur d112u53 st wojgoid 3y} 1ey: uonezijeal 1w °§
1§8320111 ¢

-133p AY O ST 2T SISIE IR 1013d (210203 EXVIRET i SRR

SSTI0UJ NOISINAA FNHL JOSLXIKI TR

"$10131) 13410 10 ‘sisod Anunuoddo ‘suv; ¢
{eIIOE JO SWI UL X LeW YIIYM IS0 PISBILIUL [2i01 7 UT SRS SRII
Lue uos1oop ay) Buriep wod nonap winwndo Syt pafEed sttid o
siyy ¢ N3 uQ ‘uois1dOp paroadwut ue Yitm paIleldosse 10138 1503 © ;.

6 na wod yotstrap wnwndo 2

aroadet sppeutdaew o ~ssop vep AutNgies jo s oy 2l wid ue

B IE AOVANOF] P ILER WA R AP PIEP AT 2Pl sUOIDIP PRt

AYL NG PINPIL N UEY 18O JRIOL AL AUt ey St wd >
Nl a3g RIEp jTUOIPET T

WO PP SRUNES ISOD [PTIP SIS AJUIPLIDUN NPT O3 BITR © L

sugy avpduy ) »

UaiTm pajutaday
-f-hf.»--y--,n.c-.-.'nv .I'f f. s f .|.|, 33..!1 . -..-,Mv..‘:a \.. ._x ll. . A . “"i-.tl .

§ .‘i
I

Al

LN
f;‘s ROAN

'
KKK

A\ R )
2efe s"'l'.‘-‘:‘n'_.

U0
0. ‘,b .’.

DUOUOODL
‘«’A':‘.‘e'l‘p‘!‘

RN

N

DAOOCE
“‘:‘.,’a..,h.:'a.-‘

-

v (1
. LN
YO s’l' r’l'a,"! At

LN

a,‘! z‘]g

9'4‘

e nte
Pl

R
!“‘ 'l'n!l’

v R

&,
0,

.."

i

l’

o 8y
e ,'1".\..'

] - -
. A

"y



181 parels 3y ‘Sym payse | usyay “S1efes Funaeis 42.M0] yonu e patdyo
39 1 18Ul pIpUaWLIodal pey s11J0M0D AW jO duo ley) waedy | pip Jate]
1831 [UN 10U ‘1319M0Y ‘paisanbal | Alefes ayi Je pany sem [ ‘fiejes
Jenonued e 1e Si01el0qR] YorR3sat € ut uonisod e 10} patidde | uoym
22u3NIAdX3 Um0 LW woiy sawod sjdwexa JuQ ‘selq paynuspun ue
~18Y 924N0s € wodj uotiewriojul uo puadap [jom Kew Jayew uoistaap ay)
uoIs1aap Jofew e ut ‘Joyeid UOISIIIP Iy wy punoj aq few seiq yBnoylpy
‘Slomsue 3y s1age adipnizad Yowym o1 32183p ays st 1013 Sy ‘smg g
'19SPT 241 sem 1nsad ay |, ‘patuem
A[len12e A3yl 1eym wodj WY Minb sem patuem £ay1 powe]d srdoad
1BY-M 3sneddq Isote A1ndoyip Iy “ajiqowoIne ue ug paiuem aqnd ‘g
Y1 1eyM {p1oexd duIwIAop 01 sajdwes oo teyl Jasmoaejnuew sjqow
-oine tolew oy s1 Aurdwes jo J33uep ay1 jo sjdurexa snowey isow yl
'$138) 3y 1udsaidas 1ou Arw udye; sjdwes Y1 1eys 1o8uep 1uasaxd.aand
Sy st atoy) ‘eiep [edni[eue pue s31nd Lupiqeqoad Jo suos jie siago
sisAjeue [edisuels ydnoyly ‘uoneindod 21nud Y1 woly pardadxa aq
UES 1PYM 13921 tjoiym uoneindod ays jo uontod e waouy sazts sjdures
ureiqo 01 padopanap uaaq sey asuaadxa Jo piay daiua ue 10} '‘3unoyiew
ur wojqoid 1ueisuod e st sty oaneiussaidas pue senbape yioq st ey
d]dures e 3uuindas jo Lynoyip A ot waqodd sy Suyduws g
"2A152{qo wutof e ysidwosde
01 1313301 y10m 01 ajdoad [eaiuys3) Jumad ur ssadons Jo pi0251 e pue
PUNOIRYIRq SY1LINDS B Ylim [ENpLupuUl uz uldq daey sew pPaporau nos
Teys (e 1e 1snuads dot e pasi ou pip nod sdeyaa,s s139001d yoreasai
prziued1osip pue soeyd M0dwod ot wresdold Y1 ped| 19y J0 wiy davy
01 Sjun 1s1udds o1 2y o1y pue puy Sews noy PIAY 2G41uINIs JWos U
Yanoayiyeauq tofew e jo yoanas ul [puuosiad jeatuysn pawen {jydiy jo
dnoud e peap ol 1snuatas doi e aog Bunjeoj 2w nos ssoddns opdurens
UE SY JOMSUR YL uoisanh 3U0am jo ased e sqosiy L e 2PN )

amard 2
FYi S1uas21d 1 won o ou pue uiyew GOISIIAR UL pAIapIsusd oo s
sidadse surw ey dziseydiun o) Lqied ng ‘1adsod se uayer 3 ppogs
P41 mep ussid o) e g asodand i 1aswopg RIS (OSIERN
BRGNS B LIS o ) Ay syl 3q 10U Sew ] cFusew UGISIIIP 1N
prigeaesse e vpigord ot gp agi s ssnasip or aden ion oy

SIKA'THOUA N OIS A

6 uoINPpos gy

CRRRARS " AR e W
<l T LI SRS RES  TAUNT  ANYXEYS

Rt A e

- ) o ( -
. VAL

SPYLOYMN UOISTNP T . TOTSop e ——
: *. CANEIAD ST ISR G ST U T SIYL 8D /
-2} ;—457. 61 HEASEINP S e cionel S i

“PHUEBIPUL ST UOISIAIP [AI[-NO0] T JuBAI[ AP ...m,o;_ BN
9P | P Pt VoAUl Jde SI010EY ] .

: : HOISIIP (DA YR € pTY ! °y 28 -
JtipapIU S 9P _ ] 3 jo sojdirutd rseq suonPIAPIS
-uo os pure ‘afeun suedwiod IdNPUOD § (2ut i

1o s et 10 | An
‘ I TSuonedl dogej o1 s :

vioy 'sonjes [edYla Tsunl . i
[e39] ! o1 e 01 saejal 1dedw se(nauts e pajedtpul ”__::_:, :
‘3ATSUAIXS §1 jaudit W J] pAIPe e m.a. :i.g‘: ..
JUIIXD Y OF $IIRIAL JUSUINITITYD SIYL 5200l 4
ol A . B ' ' . ]
21-M0] B ‘ASED St AN

‘UOISIIIP [AA-M
Prop-ydy e udyl
SEAIE JIY10 YIIYM O

: 23U st 1OISOP [ BAY > -
o S-YSIY B 1NOYIP st ANfRgisIAt T

"vre

: 1 UOISIdIP [0A
-s1313d4 ji ing (paredipul st UOIS : o
1 ._mﬁ.w,oh ey Sunjew ui par[orul Liynowytp sYy) pue p Y

S K¢ AN &
UOISIIP € YOIy Yita padds ayr 01 SNE[L JO1E} Sy L ::H““w:oﬂ,m
. [0A3] JAMO] YN e 1e Hprl 3q ued :M__M“ow_ Lo
SEII3YM ‘UOISIOIP [12]-YBiY € PaIdplsuod 3q ~__um@u ooE ».M v.u__u:_u. Y
sy 1Ey1 UOISIOIP V "DINING AY1 192 PP (|1 UOLSE vn baar e
QHUWOD YOIEM 01 JUAIND IY1 SA[OAUL INSLIILEIEY siy 1

; RITHREHIE
asues fod Ut s UOISIIAP T HNBR{EAD O Pash SI019€] ;. e
.E._ ‘SUOISIIIP JO SISLIAIORIBYD INY AT 213

autts onnb ate omg ISty
SHMLSTHALIVHVIID 018114

83

quawdpnl poed 10§ MMty
iadead i 172]3% 01 SISSPUR puE faauai e
i n

: AR TSR LRERTR D AN . y
oy e : Foou st IUAWUBPRL NG, Tk

3 'S 1 3 OY M h]
Apopvwouy 's1ej Ayl g P

SIRE od oo
. - L EATR I (S PA] L—ﬁ vl
Y LW OUTTIU UYL TN -
IO D AU YL Y A ut . peoned; |
JC.EME UOIS1IIP JO SIU J;au..w:_ (o Ayl N uotmn .(:mw
i 12 LIRS : . s o -
AMUOS “HOLIINGIL U0 A2 ISTUL Y0 ST 1§f sueaul (B! . -J_F_*.:.
. : . U FERTH e 1N il
INPI0 A 1 ApNIS UED W adpeiad aogead © .Ju,w_mc | e
. _ ‘. . COAMIASGE D Ul T INIMGY STFRHIRR R ._.:TO. .
O poiiaug G TERRLRLT RS SR ,ﬂ:uzo.a o
, N ! SIS SPOLIN RUEY
H ::— .:;ntJ_LTZI —u— _b. * :_. [ AL o) mnaa,—m / D ANV AN
.*.J LG O ﬁJNC/Jﬂ IS SR AN ,..:)L.:O« A
o Vgdnead

[FCIVETIURRING B a3 14 L NRC S
. N RERTATS JL Ne BRI
ot dye Ay pong . TR IRIPRTRITRY
ot A aou op P ol e e e edess 4o _
SRR ; AU ] SsLE U

S N .
coganiudy [

SUATUTAAAN Y OF R N T ;
o . : THINOJ ST UOT oS
:..::7 PO WIS POIE R IS AP o pa } i

| N !

sugq) avpdueg ) [¥]

"OUT TTTH-MRIDOW ‘€861 aybtakao) ‘yoTsstTwiad Yyitm pajuraasy




]

UIBLIND B 1B "13A2MO 'SISBIIIFP AIUIELIAIUN JO YSLI HYr 'PIIdI||0D s
Blep 340U pUE 210W SY "UONBWIIOJU! {RUOLIPPE SIY] WOIJ PIALIIP $1Yy2
-U3q Ul ISEdIUI Y1 pue eiep Fullayied JO 150D Y1 PIMILAIL IM ININ
“UOISIOIp AulNold € pue Jueliodwl ue UDIMING INLHUILYY
-Hp 1241 S10108] Passnasip osje 3A\ 'doo] siyy Yy3nouays prasosd am ysiym
Yin pasds ay1 o1 s21e}a1 UOISIIIP B Jo ddueroduwr ayr Moy passnasip
2w udy | doof Lorstaap syt Jo 1da3uod Y1 paonponiut am 1adeyd sy uj

AUVHKDS

. BuoIm A[01dwod >y Arw N

AIINOY TRIEDP AYS SEIIIY '[OAL,, ‘PIES Sh O JUO II{M Ul 2UO 1L
louurd | 'SdlRRIpIogns pue SI0SIALXANS Y10 YW SUOHIESIIAU0Y jo
Spalpunt s[{edsit] u "pantwsued) miep 9yl uo 1edwi HjqelapIsuod ey
[\ pue 21541 ssemje si 11 Jey3 321U3003.1 ISRUI 19y eU UOISIIIP IY) ‘4940
-WoY Y3y 10 MO| Aq ued I3luleq sty | 13410 oY1 uo 'a3ns3ad jo ssof jo
lea} Hy1 pue ‘puey suo syl uo ‘[eroaddesip Jo 183} Y1 s1 3IOY L, "UoNIIMp
Oy Ul uoueNUNWWOod SHW| Ydiym dedipioyns e pue Iosiatadns
B UAIMIQ JOLITEG B ST 319Y) JUSWUOMAUD SSOUISTI B U] "SHIDIS *@)
"SIWIP I[N OM1 10] dBueydxo ut jayomu Jiq w8 duo

134102q N[ Sty patago oym £oq Ayj JO puild o1 S3WO03I K101S AL "uo
0s pue ‘aumusape ‘paads ‘andinw ‘souewos Ajdun £sy] -sojiqowroine
Jo spppowt jo saweu ayi ‘djdurexa 104 ‘3ye] “elpaw Buisnioipe ul Aep
A1243 P3sT. St UOHIIIUUOI [BUOLIOWD STY | "SISEQ SNONUNIUOD € UO WY} 10}
Ino 3ulydiem pue JO JIBME JOU S| OYM JIIYBW UOISIIEP 3Yi peajsiw Aj
-SB3 Ued suolielouuo) ‘utuedw [ela11] 11[dX3 Ue 0] pappe st jeyl uone)
-tjdurr 1o yuatuod [euoHOWS UR 01 S3tefI Waqodd sty wonvIon) g

‘spew si Juawnisaaur fended adaep Lue d1035q pasopis
-U02 AJSNOWIAS 3Aq PINOYS $301AL3s 1ndwod Funuaa Jo uondo ay1 0g "m0y
-lcwo ssadutuedw £ppiapdwod aq Aew Lepoi Jo 33pa jestdojouyrvg oy
Py 1nndwos ays se Aprdes se sa3ueyd ey play © ug ‘punoslyorg
[eo1uy23at 16I[[Px» pue Aupiqeded jo 2213ap SYeIopisuod B sey yeis
M yorym ur wiisss sondwod farsusdxs ue 3ulang ur sa51nosou [eitdes
MARIIPISUND 153Ut 01 $IPIXIP Auedwod e asoddng aosusitadya jeatiovad
g Eo_n_oa SIY1 PIOAE 01 JUOP DG UeD 10| V "2ouaafli] ssapiuiunsy 'y
UBWNLL PAIRIJap £2M0( 1BY] ‘'UOTIIND [RHUIPIS L
U SUMOpEO] upray e ue eyl 1adeds Mau Y101 MAN PISSeLIRqUI A
Fr AUIEND SHOTIE D10W YRUT YL ST IQ (SSTR 31 20§ pra? de

[N} nogsInposag

. g atn® 00 K - I o 9 Py oot o ' ] -
M8 2 OWW..M v_ff.,.,w..\‘.h.\..- 24 ko) >
oo rse S ERESAeyr. 2R ILES S Wi . =

ays st udalad op oyl ey 1114910381p 131J€ Op ._omguo.a ay wwwwﬂ_,“ _,,
- { UB YItm pled 11odal s UMOo[d SSepd o) paydew .,_o.:w_voE_Mmm. : _._“;. -
ay1 os ‘1uiad of Jo apeJd e partada 1aded sy} SEwE u.c:.u,.ﬂ._:
sSSP Oyl 1921100 01 pouaddey pur suoiieutwexs jeuy E_S,.m =w 91.1.
oym Jossajord 932,100 Y1 el 8uiaay ind,, anoa 35:.:~ mnﬂd.a,.d
3O uq is1y Y1 pue uonNos E_zu_:mm e Joae] Apealje :o»w. : .= w.mh:o ..
‘o1t {[ej 01 deat ojdwits B sLsIy] Mos ioj den .u_:.u ,.cu,w 3uU0 u../ .aw_:.z ’
£q e # 3unds pue ‘1ot jjen ‘U pyINg NOX “woISHTHU) T p . ;J...

-prrenjead Suiag unjqotd oy e 7 1_H
-puadap “12410 Yt Ut ueyl dud Ul ﬂu%,.:u.:_ alow .».Bm.ﬁﬁ_m:ou:%.N.._,..ﬂ_.
no£ pue ‘sSuryl U Lagp A dwy oy ‘Anpeal uf Suryl Hwes u,zt,w cﬂ“ u..;.,
Loyt yuni & NoA ‘SULIDY Y YiIm JEljluae] ou u.»u.: noa w_:hhq:m u
1O ‘UPIPsIN DY) THEINE YL BLA passaudxd oq ppnod ajdwes jen " :M: ’
_au:w:pdm L1V DALY B S] a)u .:u.t_ﬁ Yl ..u_QENKU hOpm .:Nmmﬂ muuuu.« _HMQLJ“T
PUEISIIPURN O} puiIoIFYIeq |eANUYIN Jo Yoep ay) »EE_V st :o:Sw.. - J
YILM poIeldosse WOjOId UOWLIOD 1SOW YL -‘Suiyeawt h._...:: *:M ....:._ .-
g je Juiaiile pue sidej duisn ut 1a3uep Y1 St IDY |, MONDIAA LN "

. .4.
¢ONJEA [EUONLLINU OU SBY YIym § puelq pasud-13:0] Y1 10 X put

pooj isepjeauy Juiystinou 11 ‘padud-1oydiy oy udipiyd m“M.H,.U..
01 19j01d NOK pNoN ‘se yans suonsanb syse 1eyy Joduwes o 3.”: /
© JO UONENDILD DY} ST JIMSUE DANIS © Suineiqo jo Jjdiuex: ,. m.:,.:,
‘3uidojoaap st noddns jo JIPvspunosd e eyl suonestpul E.a _h q ..H_ ._»
13195.puda) OM) 3y} Jeyl Bunou udym aa3outs aunb aeadde pue A _.m
® Ul SIUISIP T| JO INO Q 350| Ued JIepIpued y .mco:uo_.o »MmEE i :
$1[Nsad AY1 1o RUHUAWWOD uedntjod € SEANATLIDIS JO spdwex? MM_ c
Jsow Y |, "SIOMSUP J[QEIOAE] P[ALs Ol WELIII St eyl voﬁu.mc e " .” :
J0 snsd1 djqesoiejun 3undhr saijoaul 1015e4 siy L ‘:.Z..: LIAN .H
‘Aitjeal uo paseq ‘[eap peq e o1 ‘safelase Uo paseq ‘(eI D x
e aq o1 paseadde reym oFuryd p[nod Buinmolioq uE. jo _mou..,:_w—‘ _M. .
-snq u1 £e1s 01 [e1ided MO110g 01 NOA 230§ PINed siy L, Awn uWEM .c,..w,.,
sayer swain oad.ydy uo w::uu:wu sSTAIAYM .»_A_Eo.a v.m. u.“_c;.,.., ~
jyoid-mo| anof 1eyy puy few nos it Giut uuco. u,o?.v...soI U —».u __;_, y
v.oow ¢ oq o1 qeadde sew 1 sadeidne uo vumML ssaunsng u;_ouo ..;.. b
-oygiew ydens oy uiody ‘saep 09 ut pred Fuisg N0 IFTIM .
Yim “aedk T ol saep Oy Wwodj sapymue pred 2y 01 SEEAdAL m_::,_, -
‘_s.c.,. 123080 Ued oA 1ey) J2a0dSIp NoY qudatad gT 0 wand uw_.c...,:« ..
s swan snoties uo 1od 1umaaad s 01 01 € sey yaym mmo”,.:m:nm w T
w:,_:m FULLIPISUOD 21T NOS dunsse “Jdurxa Jo.g Jurnodwit Ud . g AT

: X3 A ooy snogmbi, e
SAMLLSLNY DS PUR S MWD Iy saferany Calinaap sHaojl .

sugy avydny ) ot

84

‘oul TTTH-MEIOOW ‘€861 IUbTIAdOD ‘uorssTwisd y3Tm pajutaday

D..nh'--.‘-ﬁ.-.'i ¥ v x-\)-- Y -~ 3 A ™ > .'“D‘%-h~- -..IIHIHP”MH
CENNNHXY. QAL LR SRR sy | rmre T




85

‘paptoar pue paziuBodal dy pROYs 1yl $52201d UOISLIAP Y Yitw puE
aoser swjqord gf paisty am (et sdiisiodeseys pue siuMpadul
UOISIIP JO ST B {Im siyl prudworddns s ppYy Ayl wt 1adxa o
awerd € Aq pautIno se s1udWwad $s2001d UOISIIAP INOGE payel IM
‘51502 [£101 asea1oul pue 1utod uois
-195p wnwindo 2y ssed piNom AB[AP LIYLING SUE PUE "UOISIIAp [BUY A
JO SSIUIATIDAYD Y1 ASEAIDUL 10U S0P wrep Fuinyied jo 1503 Ayl 1od

*oul TTTH-MRADONW
‘ ¢861 IYybTaAao) ‘uoissTwasd yatm paiutadeay

sugqy s3ydun ) F3 ]
% 5t S oo Kt e b SN AP S EEE LA SN P, o % e PRl e 1.2 et Sl
LELLURS TIALERR RN N u.v O L2 ol R 2 2 kY QIR H.w...\ﬂx SRR

ty

e

4

h

4

»

s
)
-
-
-
o
)
-
g
o
i
-
-
-
-
-
X
(e
o
"
Pl
-
-
G
L 4
*

L

DGOOOGOR0
N x‘.‘w.!'a"

“n

AUOLOL
n—"k‘.';\f‘e‘

"
LWy

SR

I3

s?_‘

5Y ,u"‘,l.’\.:ﬂ
KN

e |

@

D
PR

Pty




4 - Ll oRE ota o o -“.‘I’j

P A2

Handout 2-1

"

p ' INTRODUCTION TO MODELING

;x})

b=
W'y
O™
)
OLY
W
B
3
”n. " -*
A
xe
oy
.
1 Lo5OWHY MODEL!
N i b Necessity
:.‘-; 1.1.2 Better Decisions
e P L3 Insight
.-:' 14 And o Proscitations
AN b.1.5 Intuition
: ™ 1.2 A MODELING DISCIPLINE
i.2.1 Simphcay
wlr 1.2.2 Communication
§ 4{ .2.3 The Manager’s Roie in Modeling
4 "_\ 1.3 GETTING STARTED
j : | 4 CREATING AND USING A MODEL IN A HIGH-i .EVEL
y LANGUAGE

.\af
o

INCORPORATING DECISION PREFERENCE INTO MODELS
USE OF CASES AND EXERCISES
SUMMARY

; KEY TERMS
i EXERCISES
" This bhook is about creating and using decision models with the wid of a computer decision
support system (DSS). For our purposes a decision model is any quantitative or logical ab-
;;‘ straction of reality that is created and used to help somebody make a decision. [t consists of
Yy, cuantities and their relationships. For example. if you were considering the purchase of a piece
: of real estate. you would project revenues and costs over the next 10 years and a residual value
’.' of the property atter this time und then put this information together to help you assess what
e the property is worth. You may wish to express the relationship of revenues and costs to inflation
- and then investigate a variety of infiation scenarios. A decision model would contain all of
Ao vour forecasts and all of the relationships among the variables. It would provide an estimate
::': of the value of the property for any inflation scenario you may envision.
:G: A DSS is the conduit for creating, revising, checking. and using the model. In its crudest
Y form. the DSS may consist of a spreadsheet planning system. such as VisiCale (or one of its
:l, many cousins). or an equation solver, such as TK!Solver. Most of the things you might like
A to do in using this book could be dune reasonably well with even the simplest of such soltware.
52 The professional, however. will quickly develop an appetite tor a higher level of decision-
"‘l .
:::u Reprinted with permission from Modern Decision Making by Samuel E. Bodily. Copyright
B 1985, McGraw-1iill, Inc., New York 10020. All rights reserved.
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': 4 GETTING STARTED

L 4

o u_mkl.ng support l'hl'nk nl.(hc complete DSS s atigh desel Linguage that awlows 1o naturgl

’ English-like expression of the model: that 1s able 1o access corporate and vendor data bases

M that has casy-to-use graphics for displaying the results; and that contains powertul computation:

I, features for activities such as “what-if,” sensitivity analysis, goal seeking, extrapolation, ris

> ‘,: analysis, and optimization. In addition, think of the 1SS as a system that supports the manage

e in treating ll-structured, messy problems and extends and enhances the manager’s own un

ﬁ."‘ derstanding and judgment rather than providing a unique solution.

t ';) The cxamples m this book use the Interactive Financial Planning Svstem (IFPS)'. whic

! L. - has all of the features just mentioned in an casy-to-use pickage that tns on o mainfram
y computer. A companion package for the personal computer. TFPS Personal, is tully compaubl

-\‘;} with 1FPS on the mainframe and will run most of the example models in this book. IFPS,

et Personal does not support risk analysis and optimization and 11 does not solve problems wit

i.f: the sumie rich variety of features available on 1FPS.

o Muany other niinframe financial planning svstems have features similar o 1IFPS. and th

user of this book could use these systems to carry out the modeling tasks and develop models
O

tor the examples. The list of usable systems at the time of printing of this book includes th
following:

System Vendor
CUFFS CUFFS Planning and Models. Lid
New York, N.Y.
EiS Boeing Computer Services Co
Seattle. Wash.
Emprre Applied Data Research
Princeton, N.J.
; ' Express Management Decision Systems
Waltham, Mass.
{ < FCS-EPS Evaluation & Planning Systems. inc.
N e Houston, Tex.
f'-" Foresight United Information Services
)“':I‘ Overland Park, Kan.
o ) .
(Mo GSA GSM Prediction Services. Inc
) Manasquan. N.J.
" IMPACT MDCH. Inc.
ol
oV East Brunswick, N J.
) Mudei Lioyd Bush & Associates
New York, N.Y.
MSA FMS Management Science Arienca
il gt Atanta, Ga.
4 Simpian Simplan Systems
:...l" Chapet Hill. N.C.
J - i
AT Stratagem Integrated Planning, inc
::‘I. Boston, Mass.
»,
t’;:t Systern W Ccrnshare
::N' ~ Ann Arbor, Mich.
. xSiM interactive Data Cerp
p Waltham Mass.
:.". e e em e e o
o
P
4 S.\ There are many soltware possibilitics on the microcomputer as well, oo many o prosd
N a complete fist. o addition to the away cousins of VisiCale and 1THPS Personal. the hist o
*l microcomputer soltware available at the time this book went to press would include:
i X
"
‘:'. HES L TEPS Pervonad are registered Bademarks of Faccaoom Sssicins Corpe tation of Aut n, Tesas
[ )
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1.1 WHY MODEL?

1.1.1 Necessity

C bkt INTRODUCTION TOMOUE L das 8§

Sottware Vendor

1-2-3 Lotus Development Corporation
Cambridge. Mass.

Encore Ferox Microsystems, Inc
McLean, Va.

MBA Context Management Systems
Torrance, Calif

Multiplan Microsott
Bellevue, Wash

System W Comshare
Ann Arbor, Mich.

TK'Saiver Software Arts

Wellesley, Mass

VisiCalc VisiCorp
San Jose, Calit.

Lhis v hook on maodeling, not compater language. and it is intended tor users of these
other systems as well as JEPS users. In most cases the non-1EPS users will be able to understand
the 1EPS niodels casily and translate them quickly into the language of their omn systems.

You build a madel to help you make a decision or to help someone clse’s decssion. The help
comes i two ways, Finst, the decision maker can respond to much more complexity than onc
persan can castly grap and reselve. Second, the model. through computer support, can keep
track of many details and perform rapidly alt of the computations. This aliows the maodeler to
devote attention to judgments made about the individual details and composite results produced
by the model.

Modcls are built from necessity. They are done reluctantly when simpler approaches will not
suffice. They are not a goal in themselves. even though they can be fascinating, almost seductive
in pulling vou from the decision at hand.

No one wants a model. People making decisions want the help that models can efficiently
give. The model is not part of a goal—the decision s the goal. The model must be limited to
a small effort relative to the importance of the decision. Low-stake decisions will be modeled
only if they are repetitive or generalizable cnough to be levered into a high-stake problem.

Learning to mode] requires adapting one's fanguage in order to communicate the model and
its results etfectively. The medium with which to communicate models both to computers and
to others is now provided by modern high-level modeling languages. This book adds other
design and communicat.un tools to aid the process of translating a messy problem into a model.
While it is necessary for many people to become accustomed to new language and certain
conventions of conununication to create models, few people need to specialize in and study
the langnage.

In this book computer language and mathematics are treated as English would be in a
freshman English course: we all need to use English, but understanding language is not a goal
in itself. as it might be for an English major. The modeler who is adept in a particul.sr modeling
Language s like the writer of diplomatic communigués. The translator can take pride in accurately
rendening the subtlety of the subject. Yet neither the language nor the model is the end initself;
they are means to the end of better decisions.

- 88
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€ 7. STARTED

1.1.2 Better Decisions

Fhe mandel has helped you ot you get a beaer decisien. The decision can take into account
more of the relevant facts and how those fucts apply to the decision. The decision can deal
with many relationships among things that influence the outcomes of interest. The decision can
mchude the interaction of influences over a much longer period of time so that the decision
does not st respond to the most obvious short-term considerations. The decision s betler
bevause the model has allowed a sensitivity analysis: The outcome has been studied as different

. asumptions are methodically varied. The impact of uncertain factors on the surety of results
van be understood. The decision maker can understand which assumptions most affect the
outeome

1.1.3 Insight

A mandel gives sou amight into your subject. You can explore the balances and iradeofts amory
the Lactors that enter the decision. You Jearn the structure of the subject ——the relationships
among influences. It is useful to break a problem into pieces and put it back together n ¢
medel st to undenstand its anatomy. Diagnosis of other problems for which you do not bui,
o mendel will be better because of this understanding.

1.1.4 Aid to Presentations

A moedel can e an and to presentations. The model makes exphicit the beliefs about interactions
ot aspedts of the subgeet. Your presentation to the dectsion maker(s). or your depiction of Mour
o decinion. uses that structure. It shows your understanding of the prublem as compactly as
possible You can concentrate on the important aspects, as shown by the results of modehing,
tather than the obvious aspects.

1.1.5 intuition

Compley svstenn behave nromintuitively. The maodel gives you insight into these noamtuitive
Sehaviors that come from time lags between action and response. from interactions, and fion
the Jamping of one influence by another. The model provides intition about the whole. starting
with intuition abeut the parts.

The model tells you which gaps 1n your knowledge matter. Necessarily. you always work
with incomplete wnderstanding and data. Most gaps do not affect the deci-ion much, but your
Cedchanalyaas tells you which preces of information are important. This sets your agenda for
rescarch It tine and money allow. you know which arcas of study will most unprove the
dualits ot the decision.

12 A MODELING DISCIPLINE

The mieded st te eehable It must aceurately reflect the assumptions of ws buslder. A dis-

whiod devclopment of the model n essential. The rest of this chapter describes such o

. discphing. one that works well Subsequent chapters develop the clemients of that discipline
mece by proce

121 Simplicity

Pro ot b inast o hept simple, both 1o help make it reliable and to limat the nvestoient in
© b e e should be ovtendable New mtloences may need o be faken into account and
roa e e s beasked about the subject nuatter of the model Thus the process of meded
mnlding fevomnes o taets Bty the modet will grow and shrnk i tuture ises thas the

3 N
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avndvive st ase toods it allow Pealic cdimig Secomd, o asctod dis ipliie tor newde g
camnor be deseribed m ernes o) o floschart. 1 is impossible oo mude all of the branching
ponts 10 which it may be necessary o go back and redo a previous stage of the process o
“Kip ahead o a later sage and work buckward. Two important watchwords are smplify (irst-
cut efforts to the bare essentials and reconsider any sructure abready apphed 1o the problem
i gong on with the process.,

1.2.2 Communication

A modeler must communicate with a computer thit runs the mdel  This 18 the least important
form of communication. More importantly. model builders commumcite with themselves.
through the medel. about the structne of the subject that is modeled. The moded must be clearly
written so it can be guickly undenstood. This clarity aiso helps make the model reliabic.

The madel also provides communication to other people. 1 represents the cimbodinent of
the beliets of those who developed its structure: sts clarity is essential,

1.2.3 The Manager's Roles in Modeling

\ Tull appreciation of the specific purpose of the disaphine requires an understanding of the
telationshups between the manager and the model. Throughout their carcers, annigers will
work with decision models in three roles. The manager serves as model bunlder and analvar,
as initiator and wser of the model, and as the model’s beneficry or clenr. These roles are
iiustrated in the Stevens & Company case in this book. In that case o real estate tiem that
brokers Juarge estates and agricultural properties 1 anterested in modehing a koge timber and
farm property for prospective investors. The company engages it student of a master of business
administration (MBA) program to carry out the modeling work. In this situation, the MBA
student is the analyst. the broker is the user, and the prospective buyer ot the property is the
client.

While settings of problems may vary. these roles are generally identifiable in virtually all
problems, although one person may play more than a single role. The Umicron cases illustrate
the roles 1 a corporaticn. for example. A tinancial staft member s the analyst, the vice president
of finance is the user. and the members of the new products review commitiee (semor executives)
are the clients.

Typically. MBA graduates play the role of analyst more often in the carly veirs following
graduation. As they move up in the orgamzation, they take on a greater portion of the user
tode (and have analysts reporting to theny. As they become responsible for more and more
decisions, they increasingly are chients with respect to the models,

Each tole requites separate skitls and an appreciation of the tusks faced by those in the other
rofes. As a user, the manager will leam 1o detine objectives and pericnmance mcasures for
dectsion making. to structure the variables that will be used in the model, and to evaluate and
use the support offered by the model. As an analyst, the manager will learn how 1o wnite the
muodel; how to carry out the assessment of numbers necded in the model; how to conduct an
analysis of any combination of certain, risky. and time-dependent variables: and how to com-
municate 1o supervisors the work done on the model. 1n both the user and the anady ot roles the
manager will aced to know how to present the model design and results 1o chients As i chent,
the manager will learn to cvaluate and understand the work of others wind lean appropriate
ways to mtervene in the medeling cffort,

The shills mecessary to be effective ti cach of these theee roles are developed i this book.
The diaipline ot modeling 1 deseribed assuming the reader s ainterested i leammg all three
roles. Indeed, in many of the cases in the book, proper understanding of the sitwation and the
appropriate tashs (o carry out requires that the problem be cvammed o the perspective of
cach 1ole.
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i *q.
)
igf,g, 1.3 GETTING STARTED
Managers often have the preatest ditticulty hoow g how o sttt a model. Ther problems myf
N appear to be huge and untidy. and they may have hittle contidence and expenence in creat.
e a madel. Thus a major focus of this book is model structuring.
; I How do you start modeling? First, understand the decision that is 10 be made. This sou
ot stmple. but very often a problem is so compler that no one has clearly stated what they
o] trying to decide. This phenomenon was illustrated vividly to me in working with executi
C) . on a new-product-development problem. Although this was i big project on which many pec
Koy had already done a lot of planning. 1 could not get them to tell me what the decision to
AN made was. It might have been a go or no-go decivion on the product. or it may really he
é&’l heen o product redesign question since the committment 1o the product i some form appea
) . ftrm. Although i lot of e and work had alrcady been spent on the problem. no one was ~
::,c':l exactly what the decision wans 1o be niade and what were the available alicrnatives. In
: ane. a hittle time spent defining the questions at the outset could have saved an enormid
s amount ol time l;‘:lcr: . .
‘:'n Finding the objectives to be achieved in making the decision is not always obvious of implﬂ
\,:"l in the decision. Make sure what is being maxinized before ereating a model to decide how
I"\ Jo it
kY Chapter 2 presents wins o dehine decision vartables, to estublish the objectives of deos
) making, and to wdentifs attributes associated with the objectives. A key contribution of
nuterial is the assurance that it can give the modeler that the objectives of the decision ma
‘O can be translated into attributes that measure the degree of achicvement of the objectives.
:\‘ Having rdentificd the variables ot & model, the next step s to decide how these vana
! ’.‘": relate o one another. Chapter 3 prosents tools for structuring & model design from the variabl
Y The inthtence diagram displays all vanables, and arrows runming from one variable to anot
1oy indicate the direction of influence. Variables that are assumed to be hnown with certainty
distinguished from those that are uncertain.
The diagram also uses three distinctive types of influence. The simplest influence is o
'!'.:-f' where the level of one variable determines the level of another vanable with certaing.
' o rendom influznee implies that a vanable only partially affects the level of another and
o unpredictable etfect also partially determines the level of the intluenced variable. Fhe tinal ty
of mluenee s a preference influence. wherein the desirabilty of an attribute is influenced
¢ ) another variable cr atiribute.
g The step of creating thc_ influence diagram is the most important one m establishing
5 tramework ol the model. Often you hind a “maor™ influence is not hahed to an attnibute at
W When this oceurs, demote it to a minor consideration to be handled outside the modet Sonwctir
K> hales i the wfluence diagram indicate that intermediate variables are missing. Not only de
"" the tinished influence diagram nake you ready o get down o the mitty-grtty of writing §
& mandet, it is the most convenicat form for prescating the meded o othees,
e
“ H .
::‘:':: 1.4 CREATING AND USING A MODEL N A HIGH-LEVEL LANGUAGE
::ug‘ Fhe ot step is o deade on the tomi of relationship for cach influcace. Keep n‘l.nu\n\h#
Yy - simple, thore s w0 prize for intodscing the most anusual mathenmatios Later steps ot 4
2 modelmg discpline will tevisit these Cosees and vou will have an orderly way o ueprove ¢
W ones that matter
1;3‘ , This dhos not mean that withim the bounds of amphicity and conceseness the neded <hoe
K not heas aceurate arepresentation b scality as posable. The modeler teeds o became 1l
: '\-: with the wude ranee of possible retationships ameeng varsatkes that may be expressed in i
‘e to create realistic medels. Chapter 3 desetibes o ment of mathematical tunctions o use
. p cvprossing irelationship between o dependent vanable and one o neore ntluenemy varablg
t'..l 91
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Vi cvatples use diwe teatmes of TEEPS but the miodehnge car o o i el ibic on st
bl deve! planmng o medehng fungoages Most reistionshups can be prodduced wath o hittde
chlort event o mictocomputer spreadshiect planning sottware,

Random variables are modeled with o menu of availuble probatnlity distibutions. Wiken
candom variables are used. the models are solved using the technigue of Monte Carlo simulation
tdesenibed in Chapter 5) in order 1o see the uncertainty in the attributes

Chapter 5 deseribes how o complete the model to obtain peclhionaary results and then how
o improve and validate the model. Alter checking the picces of the pdo ! yore test the accuracy
ol the madel inits compaosite form. A firstcut run of the nusdel s the place o begin.

What-sf exercising helps in understanding and veritvng the modey and provides answers to
decision questions Semsitiviey analvsis contnees the process e calmg the sipmicance of
mtermediate vanables i determiming attnbute levels Use thee understanding (o decide o and
Low 1o eatend the model

AL this stage, sou can test spoecttic goals using the mode!. Por examiple, vou can check
whether of s possible 1o attain some target level of performince on o specttic atnbute. This
hegins o move the problem trom the realm of what it to the e of “what™s best ™ A what's-
best analy sis requires evaduating the relative desirabaility of wlictnatnve fovels of ouwteome attri-
butes. This rarses questions of bow 1o treat multiple objectives and uncertain attnibutes

1.5 INCORPORATING DECISION PREFERENCE INTO MODELS

BSOS AO0OGOROCINIMOE DEOBOGOB0 0 L OUA0 0G0 \
O AP LTS ’)"‘ 14 “"' "‘"v""‘l"'.‘?.. :‘ ‘t‘s"’l'!‘;‘»' .,.\.!'h“1‘!-""‘:‘l.!.“!“.'ll‘.:.“:.k.:" ’."t’t KX .l‘i“?q.i

Chapter 6 describes the major ways to make choices accounting tor multiple ohjecuves. Starting
with dominance and other approaches that do not require trdeotts among. attributes, the chapter
goes on to desernibie procedures for weighting attnibutes. These procedures are casldy incorposated
directly into a maodel.

Chapter 7 provides the modeler with methods for incorporating attitude toward sk into the
maodel. An important aspect of the spproach of this chapter is the discussion of how to treat
risk when one is modeling corporate risk preferences, where there 1s no single person o express
attitude towards risk.

The modeler may want a more realistic madel of preterences than was provided in Chapter
6. In particular, it may be necessary to treat interactions among attributes and nonhneasr values
tor attributes. For example. an attribute such as square teet of space in o mexdet to help in
choosing a home may be such that its vatue is nonlincar. That s, the value of an additional
100 square feet of space may decline as the size of home increases. Preferences for this attribute
may interact with another variable or attribute. FFor example. the locauon of the house may
greatly atfect the desirability of various home sizes. These issues are treated m Chapter ¥
Besides discussing the implications of the various preference models, the chapter gises gudance
on assessing prefereaces.

The final two chapters deal with spectiic spplication problems. Chapter 9 shows low to use
madels for group decision making. The principal apphication of this would be to the committee
decision problem. but more general collective choice problems and bargaiming problemis are
considered. Voting rules. scoring rules, procedures for achieving consensus, and group pref-
crence functions are preseated and incorporated into decision models.

Chapter 10 treats issues that arise when modeling risky protects that stretch over signiticant
amounts of time. Several approaches are described. The discussion then centers on when and
why cach possible approach should be used.

The disciphine developed in this book will prepare vou 1o take an unstructured problem,
deade on the important variables and attributes, structare intluences ationg these varables,
apply your own or a group’s preferences o them. overcise the model amd make o deaisvion,
What is then necded s Sungdiarity wath o wide range ot applicions and wome expenence
developmy models an e dectsion conteat. The cises ethaing up the rest ol the ook provide
this apportunity to mternalize the desapline.
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10  GETTING STARTED

1.6 USE OF CASES AND EXERCISES

McGraw~Hill Inc.

Cases are organized by tunctional or application arca it shown i the table of contents. Nod
theless, the vases are mtended to develop specific andeling skills - Assignment questions
develop those shalls are given for particular cases at the end of cach chapter. Some cases
Itegrative: no assigmnent questions are given lor them. A principal component of leaming
create a model is developing judgment about what ss the major madehing task - Thus the diagne
ot what to do with the integrative cases is a key part of the learnmg that comes trom case
Clearly. the learning that will come trom the Kinds of cases in this book will be enhand
by classroom discussion. Where this s not avilable. discuss the problems with colleagues.
use the cases to dentify similar problem arcas in vour own area o responsibiity. Work thy. .o
these personadized cases as yvou read the chapters,
With cach chapter are exercises. Spend some time with these as yvou read the chapters Saod
ol the exercises have sample solutions at the ond of the book. Recognize that few ot thd
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h

1%, vactoses have a sngle peitanswer, and these solutions shotad s ondy e picos Conplictie
A the wark you intend to doon the exercise betore thppuig to the back of the book Clearly | the
;:. Y value of the naterial for the nonckisstoom user is tied 1o the degsee of self-discipline vou can

muster W work through the exercises and use the cases along with the reading of the chapters.

S .
N 1.7 SUMMARY

What book on modeling would be complete without o maodel of its conceptual dosien? The best
way 1o evpress the essence of gomodel in a nutshell is through an mtluence duagtane. Thus it
W : appropriate to end this chapter with an influence diagram ot the book and 118 associated |
h'\‘ madehag discipline (see Exhibit 1.1, Undoubtedly, this exlubat sl <hed more hight on the

Y schema lor the book after the material on influence diggrams m Chapter 3 has beencad It
Nh wouid be wise to ook at the extubat Sriefly now . then refer it ater reading Chapter 3 amd

Later

A5 Phe rectangles w BEatubit F1 represent chotees made by the modeler outside the modc iy
) process. The madeler must decide what are the boundaries of the problem and who wiil play
: the roles of user, analyst, and client with respeet to the model. Circles reter to vartables i the
o modeling process, or in other words, the component Gisks faced by the modeler i reachimg
the sltmate goal of making a decision. Note that these tasks center on the miodel ot the problem
e iselt. Ot course the ultimate measure of the value of modeling s the deciscon, represented by

@ an ov!

KEY TERMS
decinion model simplify —reconsider
10 better decision roles in modeling: analyst, user. client
msight muleling disciphne
"y aid to presentation
intuition about the whole

o

7 EXERCISES

) 1.0 Why are you interested in this book? What are your typical modeling tasks” What tolets) do you
W phay 1 these madeling tasks—analyst. user, or client? Select two or three of these tekes o think
KW, about as you go through this book.
‘.l' : 1.2 Based on your prior expericnce with quantitative modeting. assess your own phidosophy of modeling.
'1;, ) Make o few notes on the process of gaang from problem o mede! o decivon How does it compase
".l r with the ideas in this chapter?
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e [ sreciaL mepoRT | OUR mission wasto
2 Programs that help you take that modest bud-
N igh risks and marshal get and, in the en-
N WeiZ X trepreneurial spirit
s . facts really can improve promoted by the top
- your business decisions executives at your
3‘-_;( company, originate
i and implement your
3: own projects. You and your management team did just that, several
) times, in fact, and did it well, with a few dollars to spare. Indeed,
e the team feels it has the Midas touch; during its last meeting, one
R of your people suggested developing a new product to introduce in
Q) a hot market. You are mildly in favor of the idea but also apprehen-
:;a‘ sive about the possible need to divert capital from ongoing projects
A or have the team’s winning streak snapped by an underfunded ven-
i ture. You decide to discuss it at Monday’s staff meeting.
‘1¢-§ At the beginning of the meeting, many people share both your
.M moderate enthusiasm for the idea and your misgivings about put-
o ting an added strain on limited resources. As you discuss pros and
4 cons, however, you realize that everyone has become increasingly
P, enthusiastic about the likelihood of yet another successful project
;:;}': by the company’s all-stars. Finally you agree to commit your team
[ ';}’: and the company’s money to it. It’s a decision you live to regret.
.
A BY CHARLES SPEZZANO
s Reprinted with permission from the October 1985 issue of Popular Computiog
;s ) - magazine. Copyright ¢ 1985 by McGraw-Hill, Inc., New York 10020. All rights
ek I 5 © € . e ey
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Six months later, the new product
is atill not ready o ship, despite your
having convinced your division head
that it would be, and you are pessi-
mistic about your company’s chances
of getting its anticipated share of the
market. Worse, you are unable o
fully develop two of your other proj-
ects as successfully as you might
have if you had concentrated your
energy and budget on them instead
of taking on this new brainchild.

The promotions you thought were
almost certain for you and several
key players on your management
team seem much less likely now. You
remember that when the new proj-
ect was first proposed you worried
that something like this might hap-
pen and now wish you hadn’t ignored
your original misgivings.

Can decision support software
(DSS) help you avoid a costly deci-
sion like this? After reviewing 10 of
the leading DSS packages and weigh-
ing that evidence along with expert
opinions and a desktop full of books
and articles from the growing litera-
ture on business decision malking—
in light of what psychology has come
to understand about human beings
struggling to decide~the answer |
arrived at is a qualified ves

Indeed, each of the decision sup-
port software programs covered
here can help managers in situations
like that in the above scenario, albeit
in different ways And if the software
is fed the right information, it can
help push you and your managerial
staff toward more cost-effective
choices

Some DSS programs help you
weigh the risks more dispassionate-
ly, while others marshal financial
facts into more accurate forecasts
None of them makes the actual deci-
sion for you, and all of them can be
consciously or unconsciously misin-
formed by vou to reach the decision
you want them to reach. Further
more, it takes time to get the neces-
sary information into the computer
before any DSS program can do any-
thing productive; for the proper use
of some of them, the time frame is
weeks of data entry. So if you're in
a big hurry, you may have 1o go with
experience and intuition rather thar
electrons There 1s no magcin DSS,

Cnares Spesany Pr D, w s Denver cased cliuea
Pevthoiugns: WhC WTILES reguiariy aboy! frucrocom
puters he s aiso the founder of the Somety for Lhe
Prevenuo~ of Crueity o Leenn
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but there's potentiai for significant
help in making your business deci-
sions.

‘What follows is a compact but
thorvugh tour of the questions sur-
rounding decision support software,

Psychnlngists
askc whydo
people hecome
‘polarized; or
more extreme
in thelr views,
when frying fo
reach consensis
inagroup
iscussion

g7

Tedt T T TN T Ty W W TN

beginning with the psychology of de-
cision making—not-only because it's
my home field but also because it
provides the best backdrop for un-
ing how computer programs
can help people make decisions A
description of the two major catego-
Ties of DSS programs tomes next,
ialong with comments on the leading
xontenders in each and examples of
‘thefr use in real-life business situa.
tions. Capsule summaries of avail-
u_ble DSS programs worthy of eon-
sideration begin on page 60.

Group Dynamics

A student of modern social psy-
chology would have guessed that the
group decision in our opening
scenario would encourage you to
take that unfortunate plunge. Once
upon a time, however—as recently as
25 years ago—psychologists believed
that groups were almost always more
conservative than individaals in their
decision making. But the first at-
tempts to test this wet-blanket effect
quickly cast doubt on it. In fact,
imitial studies in the early 1960e sug-
gested that as groups discuss deci-
sion alternatives they tend to get ex-
cited about taking the riskder course
of action. The idea that this might
be an almost universal tendency
among groups led social psycholo-
gists to attach a nickname to the
phenomenon—the “risky shift.”

Alss, this theory did not hold up
under further investigation, either.
Other groups got more cautious as
discussions progressed. The contra.
diction turned out to be the other
side of a coin that may well reflect
a universal group tendency—the
tendency toward “polarization” in
decision-making discussions From
Juries and panels of judges to groups
involved in bargaining and neguti-
ating, individuals within groups tend
to become more extreme in the
views they started out with than
they were before the discussion.

Why? Some peychologists specu.
late that, as we realize thet & par-
ticular position or attitude is the one
fuvored by the group. we tend to em-
brace it even more fervently than
when we thought it was just our own
opinion. Others argue that although
everyone starts out leaning to one
side or another, individuals may
favor the same choice for different
reasons Then as the discussion pro-
ceeds, we add the arguments of the

Mol ol
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Sosinies Alfe suggests s hyerarchy of options based
on weighted cnical factors (8250, for 1BM PC. XT.
AT. and compatibies, HP 150, and DEC Rainbow 100
with 128K and DOS 2.1 or greaster; Kepner Tregre
Inc., POB 704, Princeton, NJ 08542, 1609-921 2906)

Expert Chelce. based on a decisiontree mode..
heips you assess intermediate decisions in reaching
s stated goal (3495 [BM PC XT. AT ard co~

patibies wath 256K and DOS 20 or greater Dec

Bon Support Soft ware. 1300 Vincer: Pase Moleas
VA 22101, 703442 7900,

Declalon Analyst sugpests 8 hierarchy of opnns
based on weighied crilical factors. ($139, for I1BM
PC. XT. AT. and compatibles with 128K or any MS
DOS computer. verswons for CP/M-86 [128k | and
CPM.80 56K} Executive Software Inc, Bay St.
Shanty Bay, Ontang, CD LOL 210, 705722 2074y

Wigger it 2 decision contro! and monitoring system
based on predete rmined hmuts (8495, 1BM PC XT.
AT. and compattbies wath 128K and DOS 20 or
greater. Tnoughtware Inc. Suite JOOOA, 2693 8
Bavshore Dr . Coconut Grove, FL 30133, 3058% 2318
and 8N-8469273)

e i M "t Y D A L S

L ANDWE NRIRE WERE s 'V

Sightyear sugzests s luerurthy of options based on
weightad entical facton, (5495 1BM PC, XT. AT.
and compatibies with 192K and 1X0S 2 0 or grester.
Laghtvear Inc . Suite 301 2465 F.u<t Bavshore Rd .
FPalo Alta, CA $4303. 60 9> W81 1)

The Declalen Maher i< 3 decision control and
monionng svsiem based on predetermined himits
(8250, 1BM PC. XT, AT. snd compaubles with 12nh
and two chsk drives; Alamoe Learrung Systems, Swie
500, 1850 Mount Dublu Bivd.. Wajnut Creek, CA
BH96, 415930-8521)

' others in the group to tne cnes we

“ad already though: of to bolster our
position.

No matter which explarnation for
polarization is correct, the likelthood
that groups may not help the ind:
viduals in them move toward 2 bal-
anced and weli-reasoned positior: nas
strong support from a hest of re
secarchers in social psyvchology.

Gut-Level Decisions

The study of groups is not the only
psychological perspective from which
to view the decision-making process
Prychologists have beer. aware for
half a century that individual dec
sion making foliows a definite pa:
tern. Once we become immersed in
the facts. ideas, and techniques of 3
particular situation, we sit back and
allow those collected expeniences —
including related conversations :n
hallwaye and washmoms—tn inru
bate Whatever happens in the grun
nrlter of the brawn and 1 the 0

-

>

LI N '
NN

during that incubation period is be
vond anything a computer can cur-
rertly do. AL that has been assimj-
lated undergoes a transformation,
and a new way of seeing or doing
something emerges

However. we can't b sure that our
new wvisior. wiil sccurately reflect
reality. Recent studies clearly show
tha: our personal view of a situation
will strongiy influence our decision
even when we are striving for a solu-
tion based on a rational analysis of
the facts Because all decisions in:
volve judgment in the face of uncer-
wnty, we uncansciously fall back on
a vanely of decision-making prin-
cintes that defy the Jaws of probabii-
ity. We may ook for a course of ac-
tion that matches our mental model
of how things should be. We may
overestinate the hkelihood of dra-
matie evente and underestimate the
Lizeitnood e fec dramatic, but more
¢nmmon, happerings Or we may

ake nieky decisions to avoid losses

R A
QAN NN

rather than to achieve a gain be-
cause, psychologically, losing some-
thing we already have hurts more
than 1.0t getting something we want.
In the face of such a complex psy-
chological picture, keep in mind
these two critical questions as you're
considering a DSS program to help
with business, professional, or per-
* sonal decisions. First, is the software
likely to compensate to any signifi-
cant extent for the psychological lim-
itations of human decision making?
Just as important but rarely con:
sidered is the flip side of that ques-
tion: might the introduction of a
computer cancel the often over
looked positive contributions of emo-
tion, intuition, and experience to the
decision-making process?

Two Types of Programs

Two varieties of software huddle
together under the DSS umbrelia.
decision-aid packages and decision:
modeling packages. Decision-aid pro-

Ocwober 1985 Fopular Compuung 5%




Rt ol o o 2 SN

rre

.. o DECISION-MODELING PACKAGES |

" ae

'

rFrerr
.

ceeoma

| EAC-PMCTPE oty madels degmed for T rar TP/ Porsonsl 1.0 cOm-s N0 plty PrTTANY 8° L1 FBcere 13 Rimed 0! MmMasiagers &nd execil ves seta !

Tt sAPL AN prutuaction pla tang a0t firas artze level For exampe ahes you €W Your O W GevRic] Tamper firanra produtier rasde s
R I N Fua ~a siralepc deusion— ity goal seehing featare  fU o tandes sucr R3veced 3paialine v g
a2 LevnniCa "RiDher Lnan 8170 o7t BeC.SCnin op imues your resu!la Sophuticasd Twhat T n SCeA.NG RNALRS S ANG LT A TegTRRYICN e LT
DoTar e et aaet and Prucamnt DTt eTlevE Lerrugalions provide hugh bevel analvis of 3 wce  requires ey f 2 PRxedin Wrgrea tha T
nyTATAZR et oW D emparc Camenaes s vanel, of possiDie situglaona L’ Wi he ¢ deter proe AT for Las v Ui e et e e
Sgraatha 2 et S F% : more pepmt Folactzs and by g alocalsa ML R PR rme s I RV T YT AT
R P I S P Bt JRM BT OXT AT and se~jant ey et V2R SNTTALTIES Lat very Dsagiee 2 res AT
R Y IS 3 BACE D 3T AT s DR 1 o higher, Baec. - g e T g™ 0 reete .

Fao oeat B2 Als:

Ar ngi

The Conlloonce Pacter 4t s Lol 200 = rf Mg of Lo sleToies ‘
3

el L R ARLITE S P DTy
ALURILETLTE BRI U RITE 0 e AT TR P L DT i ywa Lt s ot A wapie
a4 T ageraA wam IruT U Brat i T TR LU Ta ARG B T rtaes 2RI
reciiet PoC pXAT D e HarTis Peenls, v Ciaarge el . SLerfier e baml
Wk e b At e ran et Lol T TR sle ROl s Tttt m AT et
WLt uma HRSTRCTINNY 1o W N cats v oar O RV IREIE TR, SR

e o

: ‘ RGPPaN e Diecrsior Analv~tin 2 v oo

. - . ar. s ARASETS Softwane v .

T R Lot ot S . LT S SRVLAE NI SRR G
. . RN Uettal T T : T Rl dlals :

T Tl e T

' ’ ' o TRT e a e CLid il P N LR P ST

: - : Vo S i YT Y [pFTe . IRV ' [T
B . ' : e O R vt . ot AN SO0
o . By o iy, . N o T

. Co : O 2T SUDVIIL IS B LR R I RIS PR S
. .o T T e T st e TR N et U Y i et

Loy o, DO e O O A PR Bedrte T R TE T S K

) . , . R S ey 0 ot '

. DT T £ Joohivenr tmar oo .

: SR ' Coe Wy e et RN




~
~
o

2SO e

-

e

»
v

" g

[4

LA

L

gers and professionals will at least
find slick, easy to use, and probably
fun to play with. It allows you to
place any number of variables into
& matrix, assign numerical or subjec-
tive weights (good, better, best, for
example), then derive a rank order
of those variables based on the
weights you have assigned. When
the group making a decision is
forced to rank its priorities, pas-
sionate rhetoric is less likely to steer
the deliberations down a seductive
dead-end street. Lightyear also al-
lows you to specify logical relation-
ships and then use those logic state-
ments to analvze your decision
variables It has attractive graphics
capabilities, unlike Decision Aide,
which has none, as well as handy
pull-down menus and a well-designed
user interface.

In addition to the standard
weighted-factors features, Lightyear
allows you to continually add vari-
ables as you think of them, weight
them as vou desire, add logic rules,
change your mind, and then get a
graphic representation of your deci-
sions Like Decision Aide, it can be
especially helpful to a managerial
group struggling with a decision
that involves too many variables to
be juggied mentally. As one user put
i it: “It was the synergy of the group
process which | found most useful.
This synergy was created, in part,
by being around the computer and
having questions answered immedi-
ately and seeing the results of
weighting changes right after they
were made. Among all the decision-
making meetings | have held over
the yvears in the one using Lightvear
the decision was reached most eas-
lv and the meeting was more enjoy-
able than any other”

Expert Choice from Decision Sug-
port Software is another of the many
programs that fit into some corner
of the broad decision-aid category.
Expert Choice provides a tree struc-
ture with the overall goal at the top
and key criteria that will determine
the final choice branching off from
it. The ieaves on these branches rep-
resent the actual choices Based on
a somewhat jargon-laden system
called the analytic hierarchy process,
Expert Choice has you make paired
comparisons of the “decision nodes”
at each level, two at a time, using
either a verba! or numerical scale
l' Our mythical manager might, for

example, have viewed cash flow and
market share as two key branches.
He could then use Expert Choice to
draw out the implicstions of staying
on the strong and steady branch he
currently occupied with three suc-

gcision-aid
packages help
you evaluate
husiness options
hy assigning
weighted values
to each factor.
But wil people
really take the
fime fo use them
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ceasful projects versus going out on
the limb that ended up being sawed
off behind him by better-funded
competition and inevi.able delays in
product development. Then the final
report would have shown the rela.
tive merits of each leaf (three birds
in the hand versus one in the bush)
on the tree.

Trigger from Thoughtware Inc.,
by contrast, is on the boundary be-
tween decision aids that help you
figure out which path to follow and
management aids that help keep you
on track once you have set a course.
It lets you set upper and lower
bounds on important criteria that
will become triggers—a sort of auto-
ruatic decision switch—to initiate a
particular action under certain cir-
cumstances. For example, you ecan
set up high and low ranges for things
like sales in certain districts or qual-
ity control limits If the actual events
fall outside the ranges you can live
with, then a specific action gets set
in motion, like a letter to the head
of quality control or a memo to the
district sales manager. If everything
is working within the acceptable
limits you defined, nothing happens

The Decision Maker from Alamo
Learning Systems is somewhat simi-
lar in style but geared more toward
initial decisions. It establishes
criteria that are either considered
“limits” (“must-pass” tests) or
“desirables” that are numerically
weighted and scored.

Do They Work?

At what point in the decision-
making process might any of these
decision-aid packages have aided the
manager whose struggle opened
this article? There are two possibil-
ities If he had, in private, heavily
weighted certain factors such as the
consequences of using available
funds to hire new sales and produc-
tion people for the ongoing projects,
then any of the decision-aid packages
might well have pointed to the deci-
sion to avoid the new venture as the
most reasonable course of action.

If the manager had taken a deci-
sion-aid program into the meeting
with him and used his personal com-
puter as a sort of electronic black-
board—a substitute for standing in
front of a chalkboard and drawing
arrows between different options—
the process of quantifying the fac-

—Contmued on page 120
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Continued from page 61—
tors might have made it harder for
people to talk themselves into ignor-

packages often let managers lay out
business problems in more under.
standable terms than they can with

formulas well enough to accomplish
some of the tasks that decision-
modeling packages handie But for
many sophisticated modeling and
analysis applications, such as those
requiring goal seeking and simulta.
neous equation solving, spread-
sheets are in over their heads
The decision-modeling packages
discussed here can handle compli-
cated dependencies and circular ref-
erences within chains of formulas
better than spreadsheets can. Some
decision-modeling packages allow
larger and more complex models to
be developed because they break
things down into more manageable

;Q‘ ing the well-known failure rate of spreadsheets
’:‘ new ventures and weighing more
‘o' heavily the benefits of bolsteringan A Case in Point
;:"o:. amazing string of consecutive suc- Letl': take a look st 8 decision-
< : cesses. modeling program in action to see
o what this type of software can do
ity Decision-Modeling Programs under the right circumstances
el If you want the help of a personal
.:'.t. computer in making such strategic, .
v'.:o : direction-setting decisions about ﬁ
i \&)::ther to accept a mongagem h;-t NCE YOU
: percent or wait to see w) .
penshto the rates ne::tho week, or have decided where
v whether your company should enter
p, a new market or develop a new prod- YOI:I .want o gp,
}. uct, then ;\i'ou could ll:»feneﬁt from a dCClSIOll-MOdellng
] decision-aid package. If, on the other
L & hand, you have already decided PaCkagcs can hdp
N where you want to go and now you you determine the
need help in determining the best .
548 tactics am; plans :‘;r ge;ting t‘:lere— best tactics and
b~ for example, you have decided to in- A
T troduce a new product but are strug- plans to get there.
; o0 gling with alternative sales and pro- c >
Aoy duction plans or questions about
2% budget allocations and personnel as- When John Blight took the position
signments—then decision-modeling  of chief financial officer and director
X software may better suit your needs.  of manufacturing at United Air Spe-
. :: Spreadsheet users are familiar cialists, a $20-million Cincinnati com.
i, with the financial-analysis and fore-  pany specializing in pollution-contro!
¢ gl casting capabilities of spreadsheet equipment, he found a lack of coordi-
: ' software. When it is used that way, mnation betwean c-les, production,
N a spreadsheet is, in a broad sense, a  and operations That's not as dra-
) decision support program. Spread- matic as a scenario that portrays
W sheets can manipulate numbersand someone in the dead of night using

Lightyear to decide whether or not
to get married or one that depicts a
corporate executive wrestling with
the jobs and fate of thousands of
workers, but it's the kind of situation
that can eventually drain a business
of a hundred times as much money—
if the problem is not successfully
resolved—us the cost of a personal
computer and a DSS package.
The decision facing Blight was
how to choose among a variety of
sales and production plans available
for managing his company’s invest-
ment in their two major products,
which were being handied in a some-
wha: haphazard and fragmented

parts. For example, the data and
relationships may be stored in sep-
arate files while the main worksheet
is left free for a bird's-eye view of
only the results. Because of these
1" added capabilities, decision-modeling

e 101

way. Viewed from a slightly different
angle, Blight was lookoy for a
framework that would e coor-
dination and communication ‘be-
tween sales and production.
MAC-PAC/PC from Arthur An-
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derson and Co., a decision-modeling
package designed to help the top
management of a manufacturing
company effectively plan company
sales and production, had the poten-
tia) to provide that framework. It
took a substantial investment of
time and energy to input such fac
tors as lead times, resources and
materials, cost and price informa-
tion, and monthly sales and produc-
tion plans for each product into the
MAGC-PAC matrix. Indeed, collecting
data from the sales and production
departments, organizing it, and key-
ing it into the appropriate parts of
the MAC-PAC/PC program consti-
tutes the major time investment in
reorienting a company like United
Air to the use of DSS software.
. However, an immediate benefit
was derived from this effort: an ef-
fective reorganization of the com-
pany’s internal information. Some
experts argue, in fact, that this is the
biggest potential benefit of DSS pro-
grams because getting the right in-
formation—not analyzing it—is the
rea! thorn in the side of most deci-
sion makers. Once MAC-PAC/PC
had that information about United
Air, it gave Blight a system he could
use to help plan the production and
sales of his two top-selling products

For Blight, a major attraction of
the program, even before it soived
any specific sales and production
probiems, was that it did provide a
useful framework for coordinating
the activities of the departments
within his company. Not only did
MAC-PAC help him transform three
loosely related departments into a
more smoothly functioning single
operation, but the program’s ability
to manipulate key sales and produc-
tion factors also helped maintain a
consistentiy high level of inter-
departmental coordination and plan-
ning over time. Once the program
has been fed basic information about
any company's product lines, plan-
ners within the company can use
MAC-PAC/PC to estimate the finan-
cial consequences of different deci-
sions they might make in developing
monthly production and sales plans
for each product line

The software does not make the
final decision about which plan
makes most sense for the company

(TN
RGOS

in the face of fluctuating market con-
ditions and other factors such as cost
and availability of necessary com-
ponents But it does encourage and
help people in each department
maintain consistent and current dats
to support such decisions And it
allows planners (o increase the relia-
bility of their predictions by analyz-
ing key data with greater efficiency.
MACPAC/PC is specifically desi

to help organize the internal infor- '

mation from which sales and produc-
tion decisions will be made, but it
also allows some “what-if”’ simula-
tions of potential outcomes.

Broader Applications

Other decision-modeling packages
have still broader applications—as a
negotiating tool, for example. Senior
executives of a high-technology firm
were looking for & way to better
manage financial relationships with
suppliers of critical components and
subsystems Determining the optimal
trade-off between purchase price
and payment terms was their prime
concern. Inevitable difficulties in
forecasting market prices and sea-
sonal fluctuations in demand added
to the overall planning dilemma.

The executives and managers in-
voived in this dilemma were not
looking for a software panscea; they
were hoping for a too! to clarify the
complexities of the situation and
identifv the critical issues.

IFPS/Personal from Execucom
was chosen for several reasons
First, it has the ability to break a
problem down into segments rather
than treat it as one large model. Sec-
ond, since it's a menu-driven pro-
gram with an Englishlike, nonpro-
cedural language for developing
ﬁmndalthn;odela. li';’aevloit'ls direct con-
tact with lower- rogramming
languages And t.hn'd.p it's available
in both personal computer and main-
frame versions.

The mainframe program is called
the “Interactive Financial Planning
System'—it can be used as both a
stand-alone modeling and planning
system and as an integrated micro-to-
mainframe decision support system
that unites the accessibility of per-
sonal computing with the power and
sophistication of a mainframe. In our
IFPS/Personal case study, this com-
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' bination of personal computing and Encore from Ferox Microsystems maximize profit potential, and simu-
- mainframe computing proved a valu- is another program that would fit late business risk situations The
-».; able asset. The personal computer well with the kind of situation de- opening page of each module explains

bt version could be used during actual scribed here. Encore can handle the theory behind the program.

\ .@ negotiations with suppliers, while linear-regression applications, a fea- The Decision Tree Analysis mod-

' the mainframe version allowed more ture not available in the current ver- ule helps you determine the effect of

V) sophisticated goal-seeking analyses sion of IFPS/Personal, but it hasits a sequence of decisions leading to
N than would have been possible with  own brand of programming language one of several potential outcomes of
.:); just a personal computer. (often called a procedural language). a strategic decision by presenting
> Using IFPS/Personal, a task force  Users must master the rules of this the decision process as a group of

. -.$ of representatives from several dif: language to know in what sequences  choices each having a possible “next™
X ferent departments buiit a model commands have to be listed to exe- outcome and those outcomes in turn

] that contained 22 variables ranging cute properly. having further possible outcomes

from unit selling and purchase prices The Confidence Factor from Sim- The Best Alternative, Best Course

-~ to selling-price erosion rate and pur-  ple Software Inc stretches the seams of Action, and Yes/No decision

SN chase-price decline rate. In the pro-  of our two neat categories of DSS modules are all adaptations of the

i :J-: cess, all of the people involved in- programs a bit. But 1 think it's KepnerTregoe technique of using

. creased their understanding of the worth a close Jook even though it weighted judgment factors Risk
\.: negotiating situation they were en- muddies the waters somewhat. The Simulation helps establish the risk
::l. tering and got a better feel for the Confidence Factor is aptly subtitied factor of a decision by the proven
relationship between the various “The decision maker’s toolkit” Itin- Monte Carlo Simulation technique
decision-making factors Once the cludes seven easy-to-use, well- using a probabilistic model at each
system was up and running. senior documented programs that can be step along the way. The Linear Pro-
management could refine its nego- used to evaluate business plans or gramming module helps optimize
tiating strategy by simulating the proposals, develop strategic plans, resource allocation, while the Proj-
results of different negotiated plan and schedule projects, explore ect Planning and Scheduling module
agreements in the face of a variety qualitative decision alternatives, op-  simplifies the Critical Path Method.
of market conditions timize your company's resources,

' e The Final Factor: Reality
' If all important personal, profes-

sional, and business decisions were
o made at month-long retreats by peo-
o, ple who were freed of all other re-
ol sponsibilities while deciding, it
ey would be easy to recommend regu-
) lar use of a DSS program just to see
N what it might yield. But that's not
o the way of the world. Real people
s make real decisions by the handful
o under the pressure of time and often
B without all the information they
o4 would ideally like to have. Then they
e see how things turn out and make
S - another decision to try to get a bit
oIy closer to their goal.
b That complex, partly irrational,
N, and time-bound system has some-
)':;' how kept things moving along for
Yo several thousand years and will like-
9. ly play a continuing role in the deci-
o gion making of managers and profes-
o sionals for some time to come A
S0y decision support package, to be use-
2 ful, must fit into the reality of your
" situation, not the other way around.
Y One that does fit, however, can be
§. well worth your investment of time,
¥ N effort, and money—a most useful ad-
' : ~ junet to the human brain and gut,
b7 still our two main decision support
A systems o
o 103
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N Handout 2-3
:ﬁﬁ DECISION SUPPORT SYSTEM METHODOLOGY

N

A

~j I. Microcomputer Decision Support Systems

A. A Weapons Contract Example

’ﬁ 1. Background Information
e
&} o This example demonstrates the use of multi-variate
1y utility analysis within the context of a realistic
v) example. The example provides basic information on
Qw; various measures of merit from six weapocns contractors.
WD
N .
$g| 2. The Weapons Contract
‘tf:'l
The Decision Support System i1in this cage is wused to
Sy analyze contractor data. Thus a Weapcns Contract Avard
Eﬂ Decisgsion Support System Study is undertaken to provide
.éb Rhe decision-maker with sufficient information and
:fq analysis for a rational decision. The study and
},: analysis 1is also used to track a series of agreements
L on the relative values of the variocus criteria and how
] each contractor measures up to the criteria.
b
it II. The Process and Methodology
:‘-" A. The Decision Process ‘( j
;_ 1. Problem Definition
on
;ﬁ; Defining and stating a problem sets up or initializes
{:: the process of study and analysis for solution.
i~ Several questions may be asked in this gtage such as,
) "Why not do absolutely nothing?” Doing nothing is a
ll course of action, however, if the problem is not going
> 57, to go away it must be well defined. Generally there
j& will be compelling reasone which give rise to the need
il for a decision. Thug, answering this question
3? carefully vwill record those reasons and add to the
credibility of the ensuing analysis.
R Several other considerations may add to the quality of
:H& the problem statement. Defining boundaries,
g constraints, costs and asgsumptions can add structure
‘mw and better understanding by individuales involved.
it
At
s 2. Statement of Purpose
K>
?2 Finding feasible or possible solutions or coursesa of
;¢: action for a given problem requires insgight to all
%*‘ aspects of the problem. What i8 the "real" problem?
Yo What are its causes? Once the prcblem is vell defined i \)
%,' ) and sta*ed, the purp-se can be stated. \
AR
14
»:‘::: Feprinted with permission from NDU Course 130, National Defense University, Ft. McNair,
".:. Washington DC.
(]
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DECISION SUPPORT SYSTEM METHODOLOGY i

3. Criteria Definition

The first step in defining criteria is to select the
top level criteria--criteria that can be further broken
out into <finer elemente of discrimination. If there
are only a few criteria they may all be first or top
level.

4. Criteria Assessment

Assessging criteria is an important step. It is here
that wmany external factors must be considered. What
decigion-chain 1led ¢to this point? What is our

guidance? What relative assessment will hold up to
scrutiny? Which criteria are more important?--How much
more important?

At thie point we eare not overly concerned with the
present or currently defined alternatives. More may
appear prior to the decision, right? At thie stage
getting consensus from the individuals involved with
the decision is wvital. Agreements must be reached on
wvhich criteria are more important end by how much.
Additionally, some criteria may be specified as
absolute--it must be there. What thie means is that it
will not be assigned a relative value. Must have type
criteria may act as filters. They provide boundaries
or limit the possible entry. Cost, for example could
be broken out in several wvays. One criteria might be
stated as a must--Cost Limit. Cost must be under $300
million. Another criteria may then be simply cost but
ie assigned a percentage value of dimportance relative
to other criteria.

S. Alternatives

In thie step each alternative, option or course of
action is recorded. Each alternative is described in
detail with all the critical inhformation. Even 1if you
already know that i1t may not "pags" eome must have
filter 41t may 8till be a candidate. It could change

later. Cr, at the next briefing your must have
criteria may change, etc.

6. Weighting

At this s8tage 0f analysie weights are given to each
alternative for each criteria. How well do they stack
up? Which alternative meets which criteria best? By
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DECISION SUPPORT SYSTEM METHODOLOGY

Ne, hov much do the others meet it or not relative to the
G definition of best?

7. Scoring

Cross-multiplying the weights times the criteria values
produces a final score. Any alternative that did not
pass a must have criteria is scored zero. Scores are
normalized to a %100 so that the top contender achives
%100. All others will have some other percentage which
N will guggest further analysis.

>

8. Analysis

Who was Murphy anywvay? Is he often right? What can
you do about 1it? This section provides the subjective

heart of your study. What Jjustifies your criteria
valueg?-~your weights?--your scores? Wwhat can go
wrong? What are the potential problems and their
e seriousness? If the recommended decision is made how
i:’i do ve prevent potential disastera? What pitfalls may
;ﬁj; lie ahead?
e
:}& Wwhat about subtle changes to the criteria assessment p
D and/or the weighta? Sengitivity analysis must be {
included in order to examine several "What 1f...7" type
R statements. What if gome alternative changes
ke specification--gsome improvement or quality/reliability
V.4 test failure?
:'o::
) 9. Conclusions
“
:mﬂ No suprises herel No nev information! By the time
fkj your reader gets to this point it must be almost
3 unneccessary to read further. The conclusione and
hJJ recommended action must flow directly and logically

from the analysis. Absolute clarity with no hedging is
- critical at this point. The decision ie being called

;\ﬂ for.
k) Y
L]

O B. Contractor Data Content

%, 1. Development Coste
1y
Y 2. Productions Cogte

4
.\ . 3. Operation and Maintenance Coste )
[}
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‘l'\' ” !
W 4. Full Operational Capability Date
i
:'«: S. Life Cycle
“\3
W 6. Availability Measures
v .
W
‘&', 7. Reliability Measures
3
P .
fﬁm . Accuracy

- 9. Surge Potential
[
(a0
‘ f. C. Calculation of Criteria Values
th;

- 1. Raw Numbers
4%
N
. f 2. Base One Hundred

*'

\

3. Criteria Graphical Analysis

et XA

D. Calculation of Weights

. v

1. Weight Factors
QSH 2. Linear Weight Assessment

ey E. Final Scoring

e 1. Raw Scores
}J% 2. Normalized Scores

i v III. Analysis and Conclusions

L)
‘Ui A. Graphical Analysis

B. Conclusions
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. Process

g Lontent

. Calculation

P Uecision
Uemonstration

g THE DECISION PROCESS

1. Define the Problem

2. State the Purpose

3. Define Criteria

4. Assess Criteria

5. Define Alternatives

b. Weight Alternatives

1. Final Scoring

8. Analysis

9. Conclusions--
Recommgendaﬁons
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R § CONTRACTOR DATA

A l. Development Costs
b 2. Production Costs
- 3. Operation & Maintenance
) 4. Full Operation Capability
ﬁ' - ' Date

O

. 3. Life Cycle

s 6. Availability Measures
5 7. Reliability Measures

8. Accuracy
9. Surge Potential

o CRITERIA VALUE X ‘* j

5 §-g-g- o
™ Develop $ 40 5.67

::%. Product $ 60 8.51

e 0aM $ 00 1418
o FOC 35 496
el Years 30 426

2 Avail 1 70 993
b Avail 2 30 1277
. Rel | 80 1135
Rel 2 100 1418
3 Accuracy 75 10,64 |
(! Surge 25 355 D)
£ | TOTALS 705 100 :
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CRITERIA WEIGHTS

=]
NORN

15,
125 1 ]

i

875
851

)
. 11

DEVELOC'S Otms

PERCYNY

ﬂﬂ D

C YERRS AV} ave REL) REL2 ACC SURGE

£RODUCTIONS

CRITERIA

A CONTRACTOR WEIGHTING

150 1.50
125 8.75
105 9.75
165 6.75
130 8.50
145 1.15

S i '
% : $ in Millions E

Weighting Scale: 0 to 10
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P2 Linear Weight Assessment

e y=10-.05(x-100)
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g FINAL SCORING =
Contractor Scere equals:

o Sum(CriteriaX X Weight)

E Normalize to 100X by

e dividing each Score by the

23 Maximum Contractor Score

0

I The "Best” Contractor

i' Normalized Score

o Equals
.. | 100%
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Handout 5-1

¥ PROBLEM A SCENARIO

gl

p You have decided to buy an air conditioner to cool your fam-
f ’ ily room (500 square feet). You have three concerns about this
o purchase, first, what capacity the air conditioner must be, next,
e how efficient will it be to keep the energy cost down, and fi-

;. - nally, how much can you afford to pay?

)

3( You have determined your cooling need from a US Dept of En-
'& . ergy handout. This handout recommends an air conditioner of

Eb 12,000 Btuh to properly cool your 500 square foot family room,

. Also, this same handout said the energy efficiency range
a0 (EER) for 12,000 Btuh air conditioners were from 5.0 to 10.0. The
N models with the highest efficient energy rating number use less
P| energy and cost less to operate.

%

[

3  Based on your budget, you have decided not to spend more than

$500 for this air conditioner.

'l

)

kﬁ On your visit to several local air conditioner dealers, you
N> obtained the following information:

e
o Specifications Table

o |
aa Model A Model B Model C Model D Model E Model F
4
A Btuh 13,800 14,000 12,800 11,000 11,500 12,000
: ERR 6.3 9.9 8.8 9.0 8.7 8.0

) Price $389.99 $509. 00 $439.99 $469.00 $469.00 $499. 99

4
\ ".:;
:f: Now, using SMART, the wefighted criteria model, and instructor

\\Q assistance, make your decision in buying one of the above air con-
ditioners.
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"l \
' , PROBLEM A SOLUTION
2
W PROBLENM
N el
Qh You have decided to buy an air conditioner to cool your fam-
ht ily room (500 square feet). You have three concerns about this
v) purchase, first, what capacity the air conditioner must be, next,
,r5 how efficient will it be to keep the energy cost down, and fi-

’; ?
' N nally, how much can you afford to pay~?

5

AL
,ﬁb You have determined your cooling need from a US Dept of En-
: ? ergy handout. This handout recommends an air conditioner of

12,000 Btuh to properly cool your 500 square foot family room.

'Qﬁ Also, this same handout indicates that the energy efficiency
b, ranges (EER) for 12,000 Btuh air conditioners are from 5.0 to

-‘l
',

10.0. The models with the highest efficient energy rating number
use less energy and cost less to operate.

4"

,’~ Based on your budget, you have decided not to spend more than
js $500 for this air conditioner.

\'_'.

o)

ﬁi On your visgit to several local air conditioner dealers, you
DN obtained the following information:
o SPECIFICATIONS TABLE

»

o

i:g Model A B ] D E F

:;b Btuh 13,800 14,000 112,800 11,000 11,500 12,000

" ') ERR 6.3 9-9 808 900 8-7 8.0

) Price $389.99 $509.00 $439.99 $469.00 $469.00 $499.99

*

W

B
) SOLUTION

1) LY

‘k: Now, let us lay out the solution. The first decisions are in

the area of criteria establishment and value assignments. Ue have

H}' already established the criteria by virtue of our data collection.

@ 1 We might consider other factors such as ease of installation,

ﬂ, brand name experience, and reliability, but the three criteria

$H; shown in the SPECIFICATIONS TABLE above and repeated in the VALUES

Yol TABLE below are the ones selected.

9.

;’, As to weighting, we need to prioritize and assign relative

o values to those criteria. Then based on those assigned values, a
i percentage calculation is developed for later use in scoring our
Y solution. In this example, we have determined that price is our

fh‘ most {mportant factor, followed by Btuh and ERR. Remember that in
¥ a sensitivity analysis, changing these priorities and/or assigned

»* values has a direct effect in overall scoring.
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VALUE TABLE

Criteria Value % Cum %
Btuh 25 25.00% 25.00%
ERR 0 20.00% 99 .00%
Frice 45 45.00% 100.,00%
Total 100

Another way of looking at this data is with & pie chart pro-
Jection to show the relative parts of our decision.

PIE CHART VALUES

25.0v
@ Btuh
30.02\\
B ERR
15 .07

LINEAR GRAFH

The next part of the solution is fit each of the air condi-

Cioner 3 tems Lo oa Jinear graph. Each criteria rnas 1ts own
or-aph . Aszumptions are to make all graphs with a yvy-awis from ©
gorztr to 19 dhaestd and an X-axis depicting best and worst values

trom lett to right. For Btubh, we decided that 11,000 is the worst

value snd 15,000 is the best possible value for Btubh. In graphing
Bluh we get this linear graph and eguation. All si: Buth values
it o thie graph. tor onample, entering with 14,000 Btub for Mode!

B lds s ovalue of  JS050 on the Y-finis. This data for the tall
specteocm or oraitoria ond svstems 19 shown in Lhe WEIGHT TABLE bic -
Low.
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RANGE TABLE

Criteria Best

15, OO0

Worst

11,000

16 “
ES0 SO0
SCORING MATRIX
The next step is to set up a scoring matrix to show all of
the ai1r condiblioner attributes and their scores. All the scores

wars figursd by using the linear
teria for each
reflects the above linear graphs

WEIGHT TABLE

Criterila yomo@n kb
Bt T T LSO 50
EReR ot &0 G .80 7 e &
Fesom R =) &0 4,00

A - Ty .
l‘hll'n', 'bl‘.-‘l"’t_"‘l"‘l'—? 4, .\'!

system to be arrayed on the 0-10 scale

allows each cri-
(Y-fAuis) and

functiocr. This

in tabular form.

O, G0 1.28 2,50
8.00 7« 40 €5 0 0
AR & I D007 0,00

Y (0 f ) O
A n‘! u".‘l‘!‘l'.\"‘n‘! ..'ﬂe'c Jl‘.'-'-‘u"» -'! r'»'-"‘x"’-
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X FINAL SCORING

The: fainal =scores are shown 1n the following chart, Ve
My o i are normae lrosed to 100% and roprezent the prodouct ot VALUE
‘aly! times WEIGHT. The scores show that Model A scaores the biighest.
\ tit, tho soores for Model B and Model £ are tawrl, oloso. Mot o
i that Moodel B has better scores for Btuh and ERR. sensitivity
Mu analyzis miaht t that vyou reconsider your VALUE for ®rice.

- SCORING TABLE
O

4 .
R/ 3‘5 Ly pher 1e

I
>
m
!
o
m

“rah Lo/ 1.88 1.13% 0 0.00 Dats
gy RS o 2.94 D 240 1,50
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- iher ro loweog graph shows the combined scores from the SCORING
T TABLE.

e

2 ! —
.’:’p E 3.8 ! }
,l : 2.3

wW 8.8 1
I

1 b,
% A

Gy

l~ A Nl A

, N R N -
B o D T e DT




T RTE TR S PV WS W YVEFU N =-WCTFo TUEC TorwaSwe"wy 7 - —

K,
1' i
U
;:"\o
e SENSITIVITY ANALYSIS
‘ﬁm Since our scores are fairly close on models A, B, and C, we
pﬁ( should re-examine our decision by sensitivity analysis. Suppose
@r we decided that our budget could really stand for a price of
?wv $550.00. What happens to our SCORING TABLE then?
BHY
. ‘ NEW SCORING TABLE
.'.h‘\.
0 Criteria A B Cc D E F
N:,;\
%)
) Btuh 1.75 1.88 1.13 0.00 0.31% 0.63
.7 ERR 0.78 2.94 2.28 2.40 2.22 1.80
Price 3.60 0.92 2.48 1.82 1.82 1.13
\‘
o Totals 6.13 5.74 5.88 4.22 4.36 3,55
v Total*»10 61.30 57.38 58.80 42.23 43.55 35.50
Wl
e
- This shows that price is a large factor {in our decision.
)t This largely relates to the relatively wide range in the price
ﬁr' factor ($350 - $550 in this second example and $350 - $500 in the
h original example). We still have not differentiated a choice,
1 and, in fact, have made the three systems even closer together.
l.',l.
.y Another aspect to consider is changing values. We now decide
jq that long-term energy costs are more important than price. This
?u; makes sense because the system costs are very close to one another
Sjg and we are likely to keep this air conditioner for a long time
1 (several years). By reshuffling the values to 25, 45, and 30 for
TN Btuh, ERR, and price, respectively, we can get the following SCOR-
.). ING TABLE. Price still reflects the original $500.00 as a worst
Mgy case.
Y
K NEW SCORING TABLE
-~ Criteria A B C D E F
l..
;;.;;: Btuh 1.7 1.88 1.13 0.00 0.31 0.63
Y ERR 1.17 4,41 3.42 3.60 3.33 2.70
iy Price 2.20 -0.18 1.20 0.62 0.62 0.00
o
L Totals 5.12 6.11 5.75 4.22 4.26 3.33
T Total*10 51.20 61.05 57.45 42.20 42.63 33.25
N
'-I
t5§ Sensitivity analysis allows us to see how sensitive weights
A&: and values are by showing "what if?" scenarios. By virtue of this
s capability, we can see the orginal choices may be inappropriate to
{ ; a given situation. In any case, we have to make a decision.
TN
o,

o 120




1 FINAL SOLUTION after SENSITIVITY ANALYSIS

ﬂﬁ' 1f we consider price to be our major factor then we would
b probably pick Model A per the original SCORING TABLE. If ERR is
the prime factor in our decision, we would probably select Model B
W per the last NEW SCORING TABLE. I1f we like a blend of price and
. ERR, Mocuel C is a good choice. In any case, the ultimate decision
. is up to you. The computer model has allowed you to "game" it and
o~ examine our decision through "what if?" reiterations. Many times
. a clear-cut decision will not pop out, but the choices can be nar-
~ rowed as this example has shown. Remember, a DSS is to assist you
in a decision, not to make it for you.

INSTRUCTOR NOTE

This solution follows the general format used in the format
o used in the "Micro Decision Support Systems" course taught at the
Y National Defense University, Ft McNair, Washington D.C.
) (5:121-131)
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Handout 6-1
PROBLEM B SCENARIO

You are the project officer for a computer buy for the 357th
Fighter Weapons Wing. You have been aliocated $20,000 to purchase
computer systems for squadron-ievel use. The systems will all be
used in a stand-alone configuration for various administrative and
operational purposes.

After exhaustive personal research, you have reached some

preliminary conclusions. You need at least six (6) systems, and
that a minimum price is $500 per system. Also, since the Air
Force is heavily into |IBM-compatible systems, you believe this is
probably the way to go. However, you have not ruled out other
systems.

You are also concerned about such factors as memory, reli-
ability, speed, type of microprocessor, and other factors.

All systems come with printers, monitors, and system soft-
ware., so you are not going to consider those tactors. Other
teatures are as noted in the table below. Now to clarify some
criteria. For speed, 8 MHz is approximately twice as tast as 4.7
MHz. System D is the only one with a third generation chip, the
80286, and, in your view, it is at least twice as valuable as any
second generation chip. Reliability from your research is given

on a scale trom 1 to 10 with 10 being the best. The following
table gives the characteristics of the various systems:

SPECIFICATIONS TABLE

System System System System System Systenm

Criteria A B Cc D E F
Compatabiiity [BM 1BM Apple 18M 1 BM I8M
Microchip 8088 8086 6502 80286 8068 8066
Speed 4.7 MHz 8 MHz 4.7 MHz 8 MH:z 6 MHz 8 MHz
RAM Memory 256K 640K 128K 640K 512K 640K
Floppy Disk 1-360K 2-360K 1-143K 1-360K 2-360K 1~360K
Mard Disk No No No 1-20mb 1-20mb 1-20mb
Reljabiiity 8 8 9 a 9 0
Price $999 $1149 $500 $1850 $1699 $1249
122
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Additional guidance follows giving you the best and worst
values available to you in microcomputer systems.

Criteria Best
RAM Memorv 720K
Floppy Disk 720K
Hard Disk 20M
Speed 12MH2z

Worst

128K

143K
oM

4.7Mhz

Using the weighted criteria decision model, the SMART systenm,
and the given data, decide which system to purchase. Your deci-
sion s to be included in an integrated final report similar to
the one given to vyou for Problem A. Follow the guidance and clues

given above.
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{ . Handout 8-1
o PROBLEM B SOLUTION

M ]

by PROBLEM

>

:E You are the project officer for a computer buy for the 357th
i Fighter Weapons Wing. You have been allocated $20,000 to purchase
;? computer systems for squadron-level use. The systems will all be
z' used in a stand-alone configuration for various administrative and

operational purposes.
1,
ﬁ\ After exhaustive personal research, you have reached some
B preliminary conclusions. You need at least six (6) systems, and
that a minimum price is $500 per system. Also, since the Air

;\ Force is heavily into IBM-compatible systems, you believe this is
i: probably the way to go. However, you have not ruled out other
LS systems.
o
Jk You are also concerned about such factors as memory, reli-
& ability, speed, type of microprocessor, and other factors.

M
I Al]l systems come with printers, monitors, and system soft-
;g: ware, so you are not going to consider those factors. Other
3 features are as noted in the table below. Now to clarify some
o criteria. For speed, 8 MHz is approximately twice as fast as 4.7
- MHz. System D is the only one with a third generation chip, the
" 80286, and, in your view, it i{s at least twice as valuable as any
“d second generation chip. Reliability from your research is given
‘}4 on a scale from 1 to 10 with 10 being the best. The following
.\: table gives the characteristics of the various systems:
:.

.{ SPECIFICATIONS TABLE

'4} System System System System System System
o: Criteria A B C D E F
N
K Compatability [IBM I1BM Apple I1BM 1BM 1BM

'. Microchip 8088 8086 6502 80286 8088 8086
Wy Speed 4.7 MHz 8 MHz 4,7 MHz 8 MHz 6 MHz 8 MHz
K RAM Memory 256K 640K 128K 640K 512K 640K
Qn Floppy Disk 1-360K 2-360K 1-143K 1-360K 2-360K 1-360K
» Hard Disk No No No 1-20mb 1-20mb 1-20mb
'$ Reliability 8 8 9 8 9 7

bt Price $999 81149 $500 $1850 $1699 $1249
-
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SOLUTION

The first decisions are in the area of criteria establishment
and value assignments, The criteria selected are in the above
SPECIFICATIONS TABLE. As to weighting, we need to prioritize and
assign relative values to those criteria. Then based on those as-
signed values, a percentage calculation is developed for later use
in scoring our solution. In this example, we have determined that
price is our most important factor (VALUE TABLE below). Your so-
lution may be different based on your analysis.

VALUE TABLE

Criteria Value Pct Cum Pct
Price 250 27.62% 27.62%
Compatability 200 22.10% 48.72%
Microprocessor 130 14.36% 64.09%
Reliability 90 9.94% 74.03%
Floppy Disk 80 8.84% 82.87%
Speed 60 6.63% 89.50%
RAM Memory 50 5.52% 95.03%
Hard Disk 45 4.97% 100. 00%
TOTAL 805

Another way of looking at this data is with a pie chart pro-
jection to show the relative parts of our decision.
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LS
* the next part of the solution is to fit each of the crai-
9 teris to its own linear graph. Assumptions are to make all
.2, graphs with a Y-awis from O (worst) to 10 (best) and an
p ¥-axis depicting best and worst values from left to right.
: : For speed, we decided that 4.7 is the worst value and 12 is
*', the best possible value (as given in the scenario) . All six
et 5 valuesz fit this graph. For example, entering with a
o zpeed of SMh: vields a value of 6.47 on the Y-aziz=. This
i data for the full spectrum of criteria and systems is shown
A in the WEIGHT TABLE on the next page.
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" WEIGHT TABLE (y = ax + b)

{ System System System System System System
’y: Criteria A B C D E F
'.':\

N Price 8.24 7.71 10.00 5.23 5.77 7.36
{g Compatability 10.00 10.00 0.00 10.00 10.00 10.00
v Microprocessor 5.00 5.00 5.00 10.00 5.00 5.00

D) Reliabilit 8.00 8.00 9.00 8.00 8.00  7.00

L:f Floppy Disk 3.76 10.00 0.00 3.76 10.00 3.76
AN Speed 0.00 0.00 0.00 4.52 1.78 4.52
ﬁfz RAM Memory 2.50 10.00 0.00 10.00 10.00 10.00
A}: Hard Disk 0.00 0.00 0.00 10.00 10.00 10.00
CRLN
g FINAL SCORING

. The final scores are shown in the following chart. The
L scores are normalized to 100 % and represent the product of
T VALUE times WEIGHT.
®
e
N SCORING TABLE (VALUES times WEIGHTS)

?; System System System System System System
R Criteria A B c D E F

]

- Price 2.28  2.13 2.76  1.45  1.59  2.03
o Compatability 2.21 2.21 0.00 2.21 2.21 2.21
. Microprocessor 0.72 0.72 0.72 1.44 0.72 0.72
:ﬂ' Reliability 0.80 0.80 0.90 0.80 0.90 0.70

O Floppy Disk 0.33 0.88 0.00 0.33 0.88 0.33
) Speed 0.00 0.00 0.00 0.30 0.12 0.30
ot RAM Memory 0.14 0.55 0.00 0.55 0.55 0.55

oA Hard Disk 0.00 0.00 0.00 0.50 0.50 0.50

K

?{h TOTALS 6.47 7.29 4,38 7.57 7.47 7.34
1§g TOTALS X 10 64.70 72.90 43.76 75.70 74.68 73.38
o
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The following graph depicts the combined scores from the
SCORING TABLE.
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The soores show that System D is rated the highest, but
Systems B, E, and F are close. Your solution could stop here
by, o selosling zny of these four systems, however, some sensi-
| analvsie 15 in order.

SENSITIVITY ANALYSIS

Sinca the scores sre =0 close on the fouwr systems (B, D,
Fooand Fry we will re-eramine ouwr decision. It appears that
e RANGE TABLE 15 okav, o the place to look iz in the VAL-

UES TABLE .ind see what happens if we shift some of them.
Twppone e decids that & Hard Disk is an important facet of
vur systam. When we up the VALUE of this criteria from 45 to
T, the tallowing SCORING TABLE results. Now System B drops

Tronn Cors ey ation.,
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e NEW SCORING TABLE
O System System System System System System
N :.: Criteria A B C D E F
YOy
3 Price 2.04  1.91  2.48  1.30  1.43  1.82
4C Compatability 1.98 1.98 0.00 1.98 1.98 1.98
Y Microprocessor 0.64 0.64 0.64 1.29 0.64 0.64
WV Reliability 0.71 0.71 0.80 0.71 0.80 0.62
;.gi Floppy Disk 0.30 0.79 0.00 0.30 0.79 0.30
-s&e Speed 0.00 0.00 0.00 0.27 0.11 0.27
f \j RAM Memory 0.12 0.50 0.00 0.50 0.50 0.50
\0? Hard Disk 0.00 0.00 0.00 1.49 1.49 1.49
TOTALS 5.80 6.53 3.92 7.82 7.73 7.61
.':;‘; TOTALS X 10 57.98 65.32 39.21 78.23 77.31 76.15
L GAN
‘5& Another aspect to consider might be the Microchip. I1s it
‘9;: more important to us to have the third generation chip? We have
L assigned a 2:1 factor in the RANGE TABLE already, but if we up the
Microchip wvalue from 130 to 200, we get the following SCORING
\; TABLE.
7
Yol NEW SCORING TABLE
L
o System System System System System System
) Criteria A B (] D E F
Q-'.\
XN Price 1.91 1.78 2.31 1.21 1.34 1.70
.:}% Compatability 1.85 1.85 0.00 1.85 1.85 1.85
b Microprocessor 0.93 0.93 0.93 1.85 0.93 0.93
el Reliability 0.67 0.67 0.75 0.67 0.75 0.58
) Floppy Disk 0.28 0.74 0.00 0.28 0.74 0.28
@ y Speed 0.00 0.00 0.00 0.25 0.10 0.25
hf, RAM Memory 0.12 0.46 0.00 0.46 0.46 0.46
X Hard Disk 0.00 0.00 0.00 1.39 1.39 1.39
oy TOTALS 5.75 6.43 3.99 7.96 7.55 7.45
,4« TOTALS X 10 57.46 64.33 39.91 79.64 75.54 74.45
ﬁrl We now could be fairly sure in selecting System D. By doing
b@k sensitivity analysis, we have been able to "what {f?" our
%k\ situation and second-guess the decision before committing our-
y“ selves or our money. One final thought. Your decision may not be
?ﬂ the same as this one, but as long as you can live with your VALUES
Z' and resultant SCORING, 1{it’s probably okay. You also might con-
Yoy sider new data that comes in prior to disbursing your funds.
: s Would your decision change if your budget was now only $15,000, or
At your commander decided he needs at least eight systems? All you
m% have to do is re-enter your spreadsheet, input the new numbers,
:k and recalculate the SCORING TABLE.
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INSTRUCTOR NOTE

This solution follows the general format used in the "Micro
Decision Support Systems" course taught at the National Defense
University, Ft McNair, Washington, D.C. (5:121-130)
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